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MEETING NOTICE 

68th ANNUAL WESTERN ORCHARD PEST & DISEASE 
MANAGEMENT CONFERENCE 

January 12-14, 1994 

Imperial Hotel, 400 SW Broadway at Stark, Portland, OR 97205 

Rachel Elkins, Chairman 
Hugh Homan, Sec./Treas. 

PH: (503)228-7221 

Meetings begin at 1:00 p.m., Wednesday, January 12. Research planning and 
coordination meetings by special interest groups by arrangement either before or 
after the WOPDMC schedule. 

Wednesday. 12 January 1994 

1:00 p.m. - 1:20 p.m. Opening Business Meeting 
1:30 p.m. - 4:00 p.m. Pome Fruits - Broe Zoller 

Thursday. 13 January 1994 

8:30 a.m. - 12:00 noon Pome Fruits - Rick Hilton 
1:30 p.m. - 5:00 p.m. Nuts - Walt Bentley 
8:30 a.m. - 5:00 p.m. Tree Fruit Diseases - Krishna Mohan 

Friday. 14 January 1994 

8:30 a.m. - 11:00 a.m. Stone Fruits - Karen Maih 
11:00 a.m. - 12:00 noon Closing Business Meeting 

Presentation: Please paraphrase your research and provide time for informal 
discussion of your data. Exclude common knowledge life history data from your 
discussion. If necessary include these data in the written research report. 

Research Report: Send original copy by December 15 to: 
Deanna Watkins, Office Specialist 
Extension Entomology 
Oregon State University 
Gordley Hall 2046 
Corvallis OR 97331-2907 



RESEARCH REPORTS 
FROM THE 68h ANNUAL WESTERN ORCHARD 

PEST AND DISEASE MANAGEMENT CONFERENCE 

January 12, 13, & 14, 1994 

DECIDUOUS ORCHARD DISEASES - SECTION I 
Biolocy 

1 Brown Rot (Monilinia fructicola): Apricot 
3 Bacterial spot (Xanthomonas campestris pv. pruni) ; plum 

Thresholds, monitoring, and sampline 
5 Fire Blight (Erwinia amylovora), Pear & Apple 

Bioloeical Control 

Chemical Control 
7 Organic Fungicides for Control of Apple Scab and Powdery Mildew, 1993 
9 Efficacy of Fungicides To Control Brown Rot and Leaf Spot of Cherry, 1993 

11 Pear scab (Venturia pirina) 

Pesticide Resistance 

Implementation 
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13 Cydia pomonella (L.), codling moth, on apple - A Lunar Influence on Pheromone-baited 

Trap Captures of Codling Moth 
15 Pandemis pyrusana Kearfott dispersal of females/larvae: Apple 
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Chemical Control(continued) 
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Foliage as Determined by Twospotted Spider Mite Mortality 
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77 Pear psylla: Cacopsylla pyricola (Foerster): Pear 
79 Codling Moth, Bartlett pear 

Implementation 
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89 Response of Male PTB Moths to Different Pheromone Isomer Ratios - Peaches, 

Nectarines, Almonds, Apricots 
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SECTION I 

TREE FRUIT DISEASES 
*************** 

KarenMaib 
Section Leader 



I. Deciduous Orchard Diseases 
a. Biology 

1. Brown rot (Monilinia fructicola); Apricot 

Peter L. Sholberg 
Agriculture Canada, Research Station 
Summerland, British Columbia VOH lZO 

Latent Infection of Apricot Fruit by Monilinia fructicola: Fifty 
apricots were harvested every two weeks from four trees cv. Blenheim 
on the Research Station orchard beginning on May 22 with green fruit 
and ending on July 30, 1991 with yellow ripe fruit. Fruit were 
surface-sterilized with 0.5% NaOCl for 2-min and rinsed with sterile­
distilled water (SDW), placed in a glass dish in a plastic crisper 
containing enough water to keep the relative humidity near 100% and 
incubated at 20°c for two weeks. In 1992 the experiment was changed 
slightly. Twenty-five fruit were harvested from each tree for a total 
of 100 fruit per sampling date. The fruit were surface-sterilized and 
incubated as above. The first sample of green fruit was taken on May 
8 and the final sample of mature fruit was taken on July 23. 
Infection by M. fructicola was evaluated by counting the number of 
fruit with sporulating lesions. Results of these experiments showed 
that apricots could be infected early in the growing season as was 
found in 1991 for apricots picked on May 22 when completely green and 
immature (Table 1). However in 1992 infection was not detected until 
July 15 when the fruit was turning yellow. Furthermore, many of the 
sampled fruit were near mummies which had overwintered on the trees 
and had not been sprayed with fungicides. As a result of these 
findings the method of detecting M. fructicola came into question. 

In 1993, fruit was sampled on a weekly basis from cv. Skaha and 
cv. Blenheim trees. The Skaha variety had experienced severe blossom 
blight and it was of interest to determine if this would influence the 
number of latent infections. The method used for detecting M. 
fructicola was taken from Northover and Cerkauskas (unpublished). 
Fruit was surface-sterilized by dipping for 10 sec in 70% ethanol, 
followed by 4-min in 0.5% NaOCl and 0.001% Triton X 155 rinsed in SDW 
and dipped in 6g/L paraquat (Gramoxone, 200g paraquat/L). Fruit in 
glass dishes within humid plastic crispers were incubated in a growth 
chamber with continuous light at 25°c. Brown rot was first detected 
on green Skaha apricots on June 3 and on green Blenheims on June 11 
(Table 2). A much higher percentage of the green Skaha fruit were 
infected than the Blenheims indicating that inoculum was coming from 
blighted blossoms. Peak infection of green fruit in the week of June 
24 corresponded to a heavy rainfall on June 21. 
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Table 1. Percent Blenheim apricots infected with M. fructicola after 
incubation at 20°C for two weeks 

1991 1992 

Date Sampled % M. fructicola Date Sampled % M. fructicola 

May 22 14.0 May 8 0.0±0.0 

June 3 4.0 May 20 0.0±0.0 

June 17 0.0 June 3 0.0±0.0 

July 2 0.0 June 17 0.0±0.0 

July 18 2.0 June 30 0.0±0.0 

------- July 15 3.0±3.8 

July 30 14.0 July 23 13 .0±7 .6 

Table 2. Percent Blenheim or Skaha apricots infected in 1993 with M. 
fructicola after incubation at 25°c for two weeks 

Date Sampled CV. 

May 28 

June 3 

June 11 

June 18 

June 24 

July 2 

July 9 

July 23 

July 27 

August 4 

Blenheim 

0.0±0.0 

0.0±0.0 

2.5±5.0 

5.0±10.0 

17.5±23.6 

10.0±0.0 

3.3±5.8 

0.0±0.0 

17.5±15.0 

30. 0±21. 6 

CV. Skaha 

0.0±0.0 

10.0±8.2 

27.5±26.3 

15.0±12.9 

50. 0±11. 5 

40.0±18.2 

52.5±28.7 

7.5±9.6 



I. Deciduous Orchard Diseases 
a. Biology 

1. Bacterial spot (Xanthomonas campestris pv. prum); plum 

S. Krishna Mohan 
University of Idaho 
Research & Extension Center 
Parma, Idaho 83660 

During 1993, two orchards of Japanese plum var. Friar, one in Canyon county, 
Idaho, and the other in Malheur county, Oregon were found infected with bacterial 
spot caused by Xanthomonas campestris pv. pruni. 

The disease caused symptoms on leaves, twigs and fruits. Symptoms on leaves 
initiated as water-soaked, translucent, greasy, angular lesions which were apparent 
more readily on the lower side of the leaves. The lesions later turned brown and 
necrotic, and sometimes the dried necrotic tissue in the center of the spots fell off, 
giving a shot hole or tattered appearance to the affected leaves. Shoot symptoms 
started at the nodes or between nodes as oily, dark green lesions on the bark of 
young shoots which split open longitudinally developing into deep, tan cankers, 
sometimes with fine, granualar, dried bacterial exudation in the open canker. 
Shoots with numerous cankers appeared knotty or gnarled and showed die back. 
Symptoms on young fruit started as small, circular and greasy spots which 
developed into large, sunken, black, necrotic lesions with cracks, as the fruit 
enlarged. Often, several lesions on the fruit coalesced, causing disfigured fruit 
which fell off the tree. 

Isolations from infected tissues on standard bacteriological media yielded lemon­
yellow, raised, glistening colonies typical of Xanthomonas. Based on 
bacteriological characters and pathogenicity to leaves and fruits of plum cv. Friar, 
the bacterium was identified as X. campestris pv. pruni. 

This is the first report of occurrence of bacterial spot of plum in Idaho, and possibly 
in the Pacific Northwest. 
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1. Deciduous Orchard Diseases 
b. Thresholds, monitoring & sampling 

1. Fire Blight (Erwinia amylovora), Pear & Apple 

Timothy J. Smith 
WSU Extension 
400 Washington 
Wenatchee, Wa. 98801 

A predictive model for Fire Blight was further refined in 1993, 
under weather conditions that caused widespread infection. 

Most blossom infection is triggered by rain showers in the low 
humidity conditions prevalent on the Eastern side of the Cascade 
Mountains of the Pacific Northwest. Temperatures for the four days 
preceding each rainfall were monitored and the total degree hours 
over 15.5°C (60°F), with ever increasing reduction of values 
between 31°C (88°F) and 40.5°C (105°F), were totaled. 

Blossom infection occurred under very high pathogen pressure when 
total degree hours for· the four days preceding each rain event 
exceeded 160 C or 300 F degree hours. 

The great majority of infections occurred in orchards when total 
four-day degree hours exceeded 275 C or 500 F degree hours. 

As thresholds were strongly correlated to the local pathogen 
pressure, the model was altered to include multiple suggested 
action thresholds, with descriptions of orchard conditions related 
to potential Fire Blight risk. 

The model will be provided for trial to any interested individual. 
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I. Deciduous. Orchard Disease 

d. Che□ical Control 

APPLE (Malus sylvestris 'Jonathan', 'Red Delicious') 
Scab; Venturia inaeguatis 
Powdery Mildew; Podosphaera leucotricha 

H.P. P. Wittig and J. W. Pscheidt 
Dept. of Botany and Plant Pathology 
Oregon State University 
Corvallis, OR 97331-2903 

ORGANIC FUNGICIDES FOR CONTROL OF APPLE SCAB AND POWDERY MILDEW, 1993: Fungicide treatments were 
arranged in a randomized complete block design in plantings of 42 yr 'Red Delicious' and 39 yr 'Jonathan' apples on M-4 rootstock on 
a 20x20 ft spacing. Each treatment was applied to 4 single tree replicates in each cultivar. Fungicides were applied using a hydraulic 
handgun sprayer at 300 psi at a rate of 400 gal water/A. Approximately 20-25 gal of spray solution were used per 4 trees depending 
on growth stage. Treatments were applied every 7-10 days, depending on weather conditions. Applications were made on 7 Apr, 14 
Apr, 27 Apr, 4 May, 12 May, 20 May, 28 May, 8 Jun and 17 Jun. Average bloom dates were 7 Apr (prepink), 16 Apr (pink), 29 Apr 
(full bloom) and 6 May (calyx). In general, 'Jonathan' bloom dates were 4 to 5 days ahead of 'Red Delicious'. Applications of 
Guthion 35WP (2S lb/A) on 28 May and 17 Jun, and Diazinon S0WP (4 lb/A) on 13 Aug were made for control of codling moth. 
Apple scab infection periods were monitored using a Metos environmental monitoring system. Using a modified primary infection 
model (wet periods start with rain and end with 8 hours drying time) a total of 17 infection periods were detected during Apr and 
May: 11 high infection periods (8, 13, 16, 22, 24 and 28 Apr, 7, 19, 24, 26 and 29 May); 2 moderate infection periods (20 Apr and 5 
May); 4 low infection periods (1, 3, 12 and 21 May). A conidial model detected 20 infection periods from May through Jul. Leaf scab 
incidence was evaluated on 13 May on 'Red Delicious' by examining 200 leaves randomly selected from the lower portion of each tree. 
Incidence of leaf scab also was evaluated on 24 Jun for 'Jonathan' and 'Red Delicious' by examining all leaves from 15 vegetative 
shoots (125 to 145 leaves) randomly selected from the tower portion of each tree. Incidence of phytotoxicity on leaves of 'Red 
Delicious' was evaluated on 7 Jul by examining all leaves from 15 vegetative shoots (125 to 145 leaves) randomly selected from the 
lower portion of each tree. The percentage of 100 terminals with powdery mildew in 'Jonathan' was evaluated on 29 Jun. A random 
selection of 100 fruit were examined in 'Jonathan' on 9 Aug from each tree and evaluated for incidence of apple scab and fruit 
russeting. Poor fruit set and high disease pressure resulted in insufficient 'Red Delicious' fruit available to rate for scab. 
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Weather was highly conducive to the development of apple scab and powdery mildew. All treatments significantly reduced the 
incidence of scab and powdery mildew in 'Jonathan' when compared to the nontreated and water controls (Table 1). All treatments 
significantly reduced leaf scab on the 2nd evaluation date in 'Red Delicious' when compared to the nontreated and water controls 
(Table 2). Incidence of scab was significantly the lowest for both cultivars treated with lime sulfur. Incidence of scab was similar for 
the combination of sodium bicarbonate plus ultrafine oil and ultrafine oil alone, whereas sodium bicarbonate alone was significantly 
higher. This indicated that the ultrafine oil was the more efficacious of the two materials when used in combination for control of 
scab. The use of ultrafine oil on a 7-10 day schedule produced a phytotoxic reaction in leaves of 'Red Delicious' resulting in tan brown 
necrotic spots, which were distinctly different from the olivaceous necrotic spots produced by scab. This phytotoxic response was also 
evident in treatments using ultrafine oil in the cultivar 'Jonathan' (quantitative data not obtained). Incidence of fruit russeting on 
'Jonathan' was significantly lower for sodium bicarbonate and ultrafine oil used alone than when used in combination, and when 
compared to the nontreated and water controls. Lime sulfur significantly had the lowest incidence of fruit russeting. 

Table 1: 'Jonathan' 

Treatment and Rate/ A 

Nontreated .... , ......... . 

Water Control. .............................. . 

Sodium Bicarbonate 17.7 lb + 
Sunspray Ultrafine Oil 4 gal. .................. . 

Sodium Bicarbonate 17.7 lb .................... . 

Sunspray Ultrafine Oil 4 gal. .................... . 

Lime Sulfur 8 gal. ......... , .................. . 

Apple Scab (% )' 

Leaves 

77.1 a 

74.3 a 

34.1 C 

53.8 b 

37.1 e 

2.4 d 

Fruit 

83.4 a 

88.8 a 

14.8 C 

57.3 b 

24.0 C 

2.5 d 

Powdery 
Mildew 

% Infected 
Terminals* 

63.3 a 

57.0 a 

20.3 be 

35.8 b 

21.8 be 

9.3 e 

* Means followed by same letter do not differ significantly based on Fisher's Protected LSD (P=0.05). 

% Fruit 
Russeting* 

35.3 a 

28.5 b 

28.0 b 

20.4 e 

21.8 e 

10.5 d 
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Table 2: 'Red Delicious' Leaf Scab (%)• Phytotoxicity (%)* 

Treatment and Rate/A 13 May 24 Jun 

Nontreated ................................................ . 46.9 a 82.1 a 3.0 C 

Water Control ............................................•.. 41.5 a 78.9 a 4.2 C 

Sodium Bicarbonate 17.7 lb + 
Sunspray Ultrafine Oil 4 gal. ................................. , • . 16.1 b 24.7 d 23.5 b 

Sodium Bicarbonate 17.7 lb ..................................... . 35.9 a 63.8 b 3.2 C 

Sunspray Ultrafine Oil 4 gal .......... _ ......................... . 12.6 b 35.6 C 34.7 a 

Lime Sutrur 8 gal ............................................ . 9.5 b 3.1 e 1.7 C 

• Means followed by same letter do not significantly differ based on Fisher's protected LSD (P=0.05). 



I. Deciduous. Orchard Diseases 

d. Chetaical Control 

CHERRY, SWEET (Prunus avium 'Black Republican') 
Brown Rot Blossom Blight; Monilinia laxa 
Brown Rot Fruit Rot; Monilinia fructicola 
Cherry Leaf Spot; Blumeriel1a jaapii 

J. W. Pscheidt and H.P.P. Wittig 
Dept. of Botany and Plant Pathology 
Oregon State Univctsity 
Coivallis, OR 97331~2903 

EFFICACY OF FUNGIODES TO CONTROL BROWN ROT AND LEAF SPOT OF CHERRY, 1993: Fungicide treatments 
were arranged in a randomized complete block design in a planting of 32 yr 'Black Reputilican' sweet chenies on Mazza.rd F•l2~1 
rootstock on a 20 x 20 ft spacing. Each treatment '\VaS applied to 5 single tree replicates. Fungicides were applied using a hydraulic 
handgun sprayer at 300 psi at a rate of 400 gal water/A Approximately 20-25 gal of spray solution was used per 5 trees depending on 
growth stage. Fungicide applications were made on 26 Mar (popcorn), 5 Apr (full bloom), 16 Apr (petal fall), 28 Apr (shuck split), 
and 10 May (1st cover). One treatment, established to evaluate leaf spot forecasting, received only one cover spray on 30 Apr, 
following a week of high and moderate leaf spot infection periods. A Metos environmental monitoring system was used to determine 
cheny leaf spot infection periods. Dimethoate EC at 3 pt/A was applied to all trees on 3 Jun for control of cherry fruit fly. Brown 
rot blossom blight was evaluated on 12 Apr and 21 Apr by randomly observing 400 blossoms from the lower portion of each tree. 
Fruit rot was not evaluated as wet weather severely intetfered with fruit pollination and set. The incidence of leaf spot was evaluated 
on 25 May and 15 Jun by examining all leaves (120 to 135 leaves) from 10 vegetative shoots selected at random from the lower portion 

of each tree. 

The weather during bloom and harvest was wet and cool which resulted in high incidence of brown rot bl~m blight and poor 
pollination resulting in abnormally low fruit production. From popcorn through normal harvest, a total of 20 leaf spot infection 
periods were detected: 9 high infection periods (30 Mar, 8, 13, 16, 22 and 24 Apr, 24, 26 and 29 May); 5 moderate infection periods (20 
and 28 Apr, 7 and 19 May, and 2 JUn); and 6 low infection periods (1, 3, 5 and 21 May, 3 and 4 Jun). All treatments significantly 
reduced the incidence of blossom blight and leaf spot compared to the nontreated control. There was no significant difference in 
brown rot or leaf spot control when Captan 50WP was compared with Captan 75WG or the 80WP Solubag. Rovral applied during 
bloom had the lowest incidence of brown rot blos.som blight. Leaf spot incidence 'W3S the lowest when Rally was applied at shuck split 
and at 1st cover. One application of Rally applied after a week of high and moderate leaf spot infection periods reduced the incidence 
of leaf spot by nearly 50 %, compared to the nontreated control. 

Treatment and Rate/A 

Nontreated ...................................... . 

Rovral 4F 2 pt .........•............. - ........... . 

CaptanSOWP4lb ................................ . 

Captan 7SWG 2.67 lb ..........................•.••. 

Captan Solubag 80WP 25 lb ............. - ........... . 

Captan 50WP 4 lb (Popcorn, full bloom and petal fall) then 
Rally 40WP 4S oz + Latron B1956 12 oz (Shuck split and 
1st cover) ...•.......•...................••.••... 

Rally 40WP 4.5 oz + Latron B1956 12 oz (Shuck split) ... 

Brown Rot Blos.som Blight 
% Infected Blossoms• 

12Apr 

75 a 

0.0 e 

2.1 be 

22 b 

1.6 be 

2.4 b 

6.6 a 

21 Apr 

19.1 a 

0.1 e 

72 b 

75 b 

6.3 b 

7.8 b 

20.7 a 

Leaf Spot 
% Infected Leaves• 

25 May 

87.6 a 

29.1 e 

S.8 d 

6.1 d 

55 d 

2.1 d 

462 b 

15 Jun 

98.3 a 

33.8 e 

27.1 d 

25.9 d 

26.0 d 

9.1 e 

S7.8 b 

"Treatment means within a column followed by the same letter do not differ significantly according to Fisher's Protected LSD 
(P=0.05). 
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I. Deciduous Orchard Diseases 
a. Chemical control 

1. Pear scab (Venturia pirina) 

Rachel B. Elkins 
U.C. Cooperative Extension 
Lakeport, CA 

Doug Gubler 
Dept. of Plant Pathology 
University of California 
Davis, CA 

In 1991, a trial was established to determine if using high 
rates of lime sulfur (LS) applied in delay dormant (DD) would 
reduce incidence of pear scab in an organic Bartlett pear 
orchard in which overwintering inoculum was present on 1-year­
old wood. This treatment has thus far been uncommon in 
California since wood lesions have generally been discounted as 
a primary inoculum source. 

Four treatments were applied to four .75 acre plots in a 
randomized complete block. Following treatment, fruit was 
rated twice for disease incidence (number of fruit with scab) 
and severity (number and size of lesions) (Table 1). 

Results indicated that the DD LS treatment reduced both early 
season incidence and severity of pear scab compared to the 
normal practice of treating starting at greentip. However, 
continued infection periods through late June eventually evened 
out the treatments. 

In 1992, the control plots in the same block were divided into 
three .25 acre (56 trees) plots. Treatments were applied to 
compare LS at DD alone versus the normal program beginning at 
greentip to see how long the effects of the DD application 
would last. Fruit was rated twice and results indicated one DD 
application applied March 6 was as effective as 6 treatments 
applied between March 23 and May 1. However, with continuing 
infection periods, only the standard program reduced late 
season incidence and severity (Table 2). 

After two years, it appears that a DD application of LS can 
reduce both the incidence and severity of pear scab if the 
presence of overwintering inoculum on 1-year-old wood is 
confirmed. 

The above tests only utilized organically acceptable materials. 
Future studies should compare DD LS in combination with 
standard scab materials, e.g. Ziram, Rubigan, Dithane. Also, 
phytotoxicity to buds, bloom and fruit should be rated; this 
was not done in the above trials since the fruit was utilized 
solely for baby food and juice. 
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12. TABLE 1 - 1991 Delay Dormant Pear Scab Trial - Covelo, CA 

Disease Rating' 
Treatment' Rate Timing Incidence' Severity' 

5/2 6/26 

Lime Sulfur (LS) 6 gaL Delay Dormant (DD) 1.30 A 20.3 A 0.293 A 
+ LS + Wettable 5 GaL + 15 lbs. GT+ Pl (7) 
Sulfur (WS) 

Lime Sulfur + Oil 6 GaL + I GaL Delay Dormant 3.20 A 22.5 A 0.367 A 
+LS+ WS 5 Gal. + 15 Lbs. GT+ Pl (7) 

Lime Sulfur + WS 5 GaL + 15 Lbs. GT+ Pl (7) 8.40 B 21.2 A 0.270 A 

Untreated --- --- 24.90 C 92.0 B 2.72 

' DD applied every row at 6 gal/JOO gal. water, 400 gpa on March 16. GT+ Pl applied every other 
row in 175 or 250 gpa on 3/30, 4/5, 4/17-18, 4/20-22, 4/23-24, 5/2 and 5/18. No treatment during 
infection period 6/26-27. 

2 p = .05 (Duncan's Multiple Range) 

3 Incidence= number of fruit with lesions, 350 fruit per plot (5/2) or 50 fruit per plot (6/26). 

4 Severity based on scale of 0-5 with 0 = no lesions and 5 = 2: 50% surface with lesions 

TABLE 2 - 1992 Delay Dormant Pear Scab Trial - Covelo, CA 

Disease Rating' 
Treatment' Rate Timing Incidence' Severity' 

5/28 8/8 5/8 8/8 

Lime Sulfur 6 Gal. Delay Dormant 97.4 A 100.0 A 2.4 A 3.5 B 
(DD) 

Lime Sulfur + 7.5 Gal.+ Green Tip + Post- 95.5 A 93.1 A 2.4 A 2.0 A 
Wettable Sulfur 15 lbs. infection (GT + Pl) 

(WS) (6) 

Untreated -- -- 99.5 A 100.0 A 3.6 B 3.9 B 

1 DD applied every row at 6 gal./100 gal. water, 400 gpa on March 6. GT+ Pl applied every other row in 
340 gpa on 3/23, 3/31 and 4/5. WS rate reduced to 7.5 lbs. for treatments applied 4/9, 4/13 and 5/1. 

2 p = .05 (Duncan's Multiple Range) 

3 Incidence = number of fruit with lesions, 50 fruit per plot. 

4 
Severity based on scale of 0-5, with 0 = no lesions and 5 = :". 50% surface with lesions. 
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II. Pome Fruits 
a. Biology 

Cydia pomonella (L.), codling moth, on apple. 

Janet Conlee 
Ecogen Inc. 
P.O. Box 158 
Fromberg, Mt. 59029 

ABSTRACT 

A l~nar infl~ence 
on phero~one-baited trap 

capt~res of codling ~oth-

Ten years of daily sex pheromone-baited trap capture 
data for the codling moth [cydia pomonella) (L.)] were 
analyzed for lunar periodicity. Spectral analysis detected 
a sine wave periodicity of approximately 30 days in 6 of 10 
annual spectra, and at a significance level of P< 0.01 in a 
combined 10 year spectrum of the codling moth data. 
Autoregression analysis failed to detect precise periodicity 
and showed that these trap captures are independent after 3 
days. Frequency distributions of generational emergences 
over 10 years showed that 80% occurred within 3 days of 
either a new, or full moon. First generation emergence was 
found to change according to coincidence of the lunar 
periodicity to annual constraints: A hypothetical model of 
this was developed and its potential accuracy compared with 
that of published degree-day models. 

( 
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II. Pome Fruits 
a. Biology, behavior 

1. Pandemis pyrusana Kearfott dispersal of females/larvae: Apple 

Jay F. Brunner 
Washington State University 
Tree Fruit Research and Extension Center 
1100 N. Western Avenue 
Wenatchee, WA 98801 

Eight small plots consisting of 48 (6) or 42 (2) trees were established in a commercial 
orchard in the spring of 1993 (Figure 1). The perimeter trees (24 or 18) in each plot were 
unsprayed, allowing the natural density of PLR to develop. The interior trees (24) were 
treated with Lorsban 50WP (3 pounds formulated per acre) plus Asana (4 ounces 
formulated per acre) in mid-May, about one week after petal fall. Post-treatment larval 
counts were made on May 19 when larvae were easily observed feeding in the shoot tips. 
The entire tree was examined and number of larvae recorded. The average density (± SE) 
of PLR larvae per tree for the untreated perimeter trees, interior trees bordering perimeter 
trees (interior A) and interior trees not bordering perimeter trees (interior B) is shown in 
Figure 1. The perimeter trees had an average of 13.9 ± 1.4 larvae. A total of 8 live PLR 
larvae were found on 192 interior trees during sampling, but these were removed so that 
none remained alive. 

Following the overwintering flight of moths the number of egg masses on each tree was 
recorded. The average number of egg masses per tree on perimeter trees was 4.35 ± 0.42. 
There was no significant difference in the egg mass density of interior A or B trees, 0.26 ± 
0.05 and 0.13 ± 0.06 egg masses per tree, respectively. There were 16.7 times more egg 
masses on perimeter trees compared to interior A trees and 33.5 times more than on interior 
B trees. Perimeter trees contained 95.2% of all egg masses found. Assuming that half of 
the larvae in spring samples were females, the average number of egg masses per female 
would be 0.62, much less than the potential of 3 to 4 per female. 

In early August the number of larvae per tree was recorded. A few trees with heavy 
infestation of rosy apple aphid were skipped because the severely curled leaves made 
accurate estimates of PLR larval density difficult However, a pattern similar to that of 
summer egg masses was noted. The average number of larvae on perimeter trees was 
26.2, 94.0% of the total found. However, a higher percentage of interior trees, 52.1 %, 
was infested with one or more larvae than had been with egg masses, 17.7%, indicating 
that some larvae dispersed following egg hatch . 
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Figure 1. Average density of egg masses and larvae on untreated perimeter trees and 
interior trees that were not infested in spring. 

In late September and early October trees were again sampled and the number of egg 
masses of the overwintering generation recorded. The average number of egg masses on 
perimeter trees was about the same as in the June sample (Figure 1), but more egg masses 
were found on interior trees. In June 95.2% of summer generation egg masses were found 
on perimeter trees, and in August 94.0% of summer generation larvae were found on 
perimeter trees while only 80.9% of the overwintering generation egg masses were found 
on perimeter trees. In addition, 64.6% of the interior trees had one or more egg masses in 
the fall compared with 17. 7% in June. The average number oflarvae per perimeter tree in 
early August was 26.2. Assuming half would produce females, the average number of egg 
masses per female larva would be 0.37, much less than the estimates of egg masses 
produced by females in spring. The activity of biological control agents, parasites, in this 
orchard was high and probably contributed to the low estimate of egg masses per female. 



II. Pome Fruit 
a. Biology 

1. Codling Moth - Apples, Pears 

What's Hot in Alternative Quarantine Treatments for 
Codling Moth in Apples and Pears 

Lisa G. Neven 
USDA-ARS 
Yakima, WA 98902 

The efficacy of employing heat treatments as a means of attaining quarantine 
security for apples and pears infested with codling moth larvae were 
assessed. Apples and pears were subjected to both moist and vapor forced 
air heat treatments at three temperatures of 44, 46 and 48 • C to obtain 
heating profiles. Three apple and two pear varieties were tested in the six 
different temperature/humidity treatments. The recorded heating curves of 
the fruit were separated into 12 heating profiles. The heating profiles were 
used to program a computer controlled water bath in which codling moth fifth 
instars were treated and assessed for mortality due to heat treatment. Nine 
of the 12 heating profiles resulted in 100% codling moth mortality within the 
4 hour treatment period. The least successful treatments represented profiles 
in which the fruit core temperatures dfd not reach 44 • C. Subsequent 
research was carried out on the 1993 season crop of fresh fruit to assess the 
impact of heat treatments on fruit quality. Only two temperature/humidity 
treatments were tested, those of 48 • C at 98 % RH (moist) and 44 • C at 
100% RH (vapor). Both of these treatments were shown to cause 100% 
codling moth mortality in the water bath system. Following heat treatments 
fruit quality was assessed both directly after the treatment and following 30 
days of cold storage. Initial results indicate that the treatments did not cause 
internal damage or significant scald. In all cases, the fruit exhibited higher 
firmnes_s levels than non-treated controls. There were also no significant 
changes in acidity, soluble solids, or taste. Only Granny Smith apples showed 
a slight bleaching in surface color. Fruit were subjected to extended cold 
storage under controlled atmospheres following heat treatments. However, 
these fruit will not be assayed until the end of January 1994. 

Long-term, slow ramping heat treatments prior to cold storage of 
apples have been shown to reduce superficial scald. Three time/temperature 
regimes have been used to this end. They are 38 • C for 4 days, 42 • C for 24 
hours, and 46 • C for 12 hours. These heat treatments were used to assess 
their effect on codling moth mortality. The 38°C and the 42°C heat 
treatments did not cause 100% mortality in fifth instars of codling moth. The 
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46 • C treatment caused over 90% mortality. When these treatments were 
combined with 28 days of cold storage, both the 42 and the 46 • C treatments 
resulted in 100% mortality. As previously demonstrated, cold storage 
following a heat stress causes an increased effect on mortality than either 
treatment alone. 

Description of heating profiles of apples and pears and their effect on fifth 
instar codling moth mortality. 

Profile# Chamber End Core Time to Duration to 
Type Temp "C Temp "C Set Temp 100% Mortality 

1-Moist 44"C 42.1 ·c 104 min Not Reached 

2-Moist 44"C 42.2"C 102 min Not Reached 

3-Moist 44"C 41.9. C 114 min Not Reached 

4-Moist 46"C 45.4 ·c 120 min 150 min 

5-Moist 46"C 45.1 "C 120 min 180 min 

6-Moist 46"C 44.8·c 120 min 210 min 

7-Moist 48"C 47.4 ·c 120 min 120 min 

8-Moist 48"C 45.4"C 120 min 180 min 

9-Vapor 44"C 44.2"C 106 min 226 min 

10-Vapor 46"C 46.3"C 110 min 110 min 

11-Vapor 48"C 48.4 ·c 109 min 109 min 

12-Vapor 48"C 48.5"C 103 min 103 min 

Long-Term Heating Profiles and the Effect on Codling Moth Mortality Directly 
(-CS) and in Combination With 28 Days of Cold Storage at 0 • C (+CS). 
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IL Pome Fruit: 
a. Biology: 

Codling Moth, Pear 

R. A. Van Steenwyk & C. F. Fouche 
Dept. ofE.S.P.M. 
201 Wellman Hall 
University of California 
Berkeley, CA 94720 

The induction of diapause in CM was studied in Courtland, Calif. Fifty 
Bartlett pears were infested weekly from June 30 through August 25, 1992 and 
from June 2 through August 11, 1993 by placing 2 recently hatched CM larvae on 
each fruit. A small plastic cup was placed over the larvae and sealed to the fruit 
to prevent predation or loss of the young larvae. The fruit was removed from the 
trees 2 weeks after infestation and placed individually in a large plastic container. 
The plastic container had a layer of corrugated cardboard above and below the 
infested fruit to serve as a site for pupation or diapause. The containers were 
inspected weekly for 6 weeks to determine if a larva was present. If a larva 
pupated during the 6 week period, then the larva was considered to be non­
diapausing. If the larva did not pupate during the 6 week period, then the larva 
was considered to be diapausing. 

In 1992, approximately 30% of the larvae from fruit infested on June 30 
entered diapause. By July 21, 100% of the larvae entered diapause (Fig. 1). In 
1993, between 12.5% to 16.7% of the CM larvae from fruit infested on June 2 
through June 16 entered diapause. On June 23, the percent larvae entering 
diapause increased to 20%. By July 21, 100% of the larvae entered diapause. This 
data would indicate that a low percent (ca. 15%) of larvae that infest fruit in early 
June will enter diapause and all larvae will entered diapause from fruit infested 
after July 21. Diapause induction has often been based on the date of larval 
emergence from the fruit instead of date of larval infestation of the fruit. We then 
reanalyzed our data based on the date when the larvae emerged from the fruit. In 
1992, 28% of the CM larvae that emerged from fruit on July 28 entered diapause. 
By August 18, 100% of the larvae entered diapause. In 1993, between 0% to 14.3% 
of the CM larvae that emerged from June 30 through July 21 entered diapause 
(Fig. 2). The percent larvae entering diapause increased to 30% on July 28. By 
August 18, 96.3% of the larvae entered diapause. These results indicate that some 
CM larvae which completed their development in early July will enter diapause 
and that all larvae which complete their development by mid-August or after will 
enter diapause. 

In 1992, a total of 41 larvae (diapausing and non-diapausing combined) 
completed their development per 50 fruit when infested on June 30 (Fig. 3). The 
number of larvae gradually declined to 7 larvae for fruit infested on August 25. In 
1993, the total number of larvae completing their development increased from 6 
larvae from fruit infested on June 2 to 40 larvae from fruit infested on July 7. The 
number of larvae then gradually declined to 7 larvae for fruit infested on August 
11. These results indicate that CM larvae have a difficult time infesting 
immature pears in early June. As the pears mature through June and early 
July, CM larvae increases its ability to successfully infest and complete it's 
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development. After mid-July which about the time of first harvest, the CM larvae 
can infested the fruit but the fruit is rotting faster than CM larvae can complete 
their development. If the maturity of pears remaining on the tree after harvest 
can be increased by the use of a plant growth regulator such as ethephon, then the 
number diapause CM could be reduced without manual fruit stripping. 
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II. Pome Fruits 
a. Biology 

1. Pear psylla - Pears 

David Horton 
USDA-ARS 
Yakima, WA 98902 

Topical applications of the insect growth regulator 
fenoxycarb in fall cause a premature termination of diapause 
in the overwintering morph (winterform) of pear psylla. 
Effects include maturation of ovaries, mating, and egglaying. 
Diapause often functions to confer survival through an 
inimical season by halting development at a life stage that is 
adapted for survival during that part of the season. In many 
north temperate insects, including pear psylla, diapause 
occurs during the winter months, when conditions are not 
conducive to reproduction. 

Here, I present some preliminary laboratory results from 
studies that tested whether fenoxycarb reduces cold tolerance 
of female winterform pear psylla. Ultimately, I hope to 
determine whether a fall application of fenoxycarb in the 
field would reduce cold tolerance of psylla sufficiently to 
justify its use in a management program. 

Female winterform psylla were collected at several 
periods during the fall of 1993 and returned to the 
laboratory. Psylla were placed on field-collected foliage for 
1 week under one of the following conditions (all at 20°c): 
(a) fenoxycarb (0.1 g/1 A.I.), short-day photoperiod (10:14 
L:D); (b) no fenoxycarb, long-day photoperiod (16:8 L:D); (c) 
no fenoxycarb, short-day photoperiod. Treatments (a) and (b) 
cause termination of diapause; treatment (c) maintains 
diapause. Fenoxycarb was misted onto foliage for treatment 
(a). As a control treatment, psylla were collected from the 
field on the day the cold tolerance experiment was conducted. 

After the 1 week conditioning period, psylla were placed 
in glass vials, and the vials placed in a cold-water bath. 
The bath was programmed to decrease in temperature from 10°c 
to -s0 c, at the rate of 1° per 10 minutes. Once the bath 
reached -s0 c, psylla were placed in a low temperature cabinet 
at the desired subzero test temperature for 24 hours. Psylla 
were removed from subzero conditions after 24 hrs and placed 
in petri dishes held at room temperature. Numbers of dead and 
living psylla were counted after 24 hours at room temperature. 
For one experiment, half of all psylla were lightly misted 
with deionized water before being placed in the cold water 
bath to determine whether subzero temperatures accompanied by 
moisture causes mortality. 

Fenoxycarb and long-day conditions caused increased 
mortality in psylla exposed to -1s 0 c for insects tested on 
Oct. 14 (Table 1). However, by Nov. 9 (Table 1), psylla were 
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not susceptible to -15°c temperatures, irrespective of 
treatment (this seasonal change in cold tolerance is common in 
insects). Misting caused increased mortality of psylla 
treated on Dec. 8 (Table 2); as with the Nov. 9 experiment, 
there were no conditioning effects. 

In summary, forced termination of diapause caused a 
decrease in cold tolerance of winterform psylla; the effect is 
seasonal, however. Light misting by water prior to exposure 
to subzero temperatures caused an increase in mortality. 

Table 1. Percent mortality of female winterform psylla after 
24 hours at subzero temperatures. Control refers to psylla 
that were collected from the field on the day of the 
experiment. Dates refer to days that psylla were exposed to 
the subzero temperature. Values in parentheses indicate 
median ovarian score (scores> 3 indicate post-diapause 
state). sample sizes at least 30 per treatment and date. 

Oct. 1 Oct. 7 Oct. 14* Nov. 9 
Treatment -20°c -10°c -15°C -15°C 

Control 100 7.2 18.5 (1) 8.6 (2) 
Short-day 100 0 30.0 (1) 8.6 (2) 
Long-day 100 0 72.7 (2) 12 .1 (2) 
Fenoxycarb 100 0 85.7 (6) 12.1 (6) 

* Significant differences among treatments in psylla mortality 
(P<0. 01) 

Table 2. Percent mortality of female winterform psylla after 
24 hours at subzero temperatures; effects of misting with 
deionized water. Other than misting, protocol same as in 
Table 1. Experiment conducted on Dec. 8. 

Misted Not misted 
Treatment -15°C -15°C 

Control 34.3 17.6 
Short-day 52.9 25.8 
Long-day 62.9 17 .1 
Fenoxycarb 39.3 19.3 

overall 47.7 19.8 (P < 0.001) 



II. Pome Fruits 
b. Thresholds, monitoring & sampling. 

1. Campylomma verbasci on apple. 

Michael E. Reding and Elizabeth H. Beers 
Washington State University Tree Fruit Research and Extension Center, 1100 N. 

Western Avenue, Wenatchee, WA 98801 

Correlation of Fall Campylomma Adult and Spring Campylomma Nymph 
Population Densities. Canadian workers have identified and synthesized a 
Campylomma pheromone. These same investigators have presented evidence 
that suggests a correlation may exist between fall catches of adult Campylomma 
in pheromone baited traps and nymph densities the following spring. If we can 
show that a similar correlation exists in Washington, we may be able to use fall 
trap-catches to identify high-risk orchards and act as an early warning system for 
detecting Campylomma problems. 

Thirteen commercial blocks all approximately one acre and six research 
blocks (three received no spring insecticides (phenology blocks) and three 
received a standard pesticide program) were used in this study. All of the above 
blocks contained pheromone traps in 1992 and were limb-tap sampled (20 
trees/block) on at least three occasions in the spring of 1993, at pink, full-bloom 
and petal-fall or seven to 10 days post-petal fall. Three blocks (phenology 
blocks) were sampled three times per week beginning 7 April. The number of 
nymphs from each tapped limb were recorded. A simple linear regression was 
used to examine any correlation between 1992 trap catches and 1993 Spring 
nymph densities. The mean daily trap catch per block for the entire 1992 
trapping season and fall 1992 only (2 September-28 October), were compared 
against full bloom, petal-fall and post-petal fall nymph densities. 

Due to differences in management practices the three phenology blocks 
(they received no early chemical treatments) were analyzed separately from the 
other blocks. 

The strongest correlation was between the entire 1992 trapping season's 
average daily trap catch and Spring 1993 10-day post petal nymph densities (RA2 
= 0.9999; three sites) in the phenology blocks. All other phenology block 
comparisons also produced strong correlations (RA2 > 0.9000). Unfortunately 
there were only three data points for phenology block regressions, which may 
have inflated the correlation coefficients for these sites. The best correlation in 
commercial sites was between the entire 1992 season's average daily trap catch 
and the Spring 1993 10-day post-petal fall nymph densities (RA2 0.5368; seven 
sites). Correlation was poor when 1992 fall trap catch was compared with post­
petal fall nymph densities in commercial blocks (RA2 0.1023). All other 
comparisons in the commercial sites also produced poor correlations (RA2 < 
0.1000). 
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I. Pome Fruits 
a. Biological control 

1. Codling moth; Apples 

J Franklin Howell 
Britt and Assoc. Yakima, WA. 

Temperature affects short term pheromone emission rates for Isomate-C 
dispensers more than other factors, i.e. age and dose. Based on females 
caught in blacklight traps mating disruption in the order of 70% or above 
occurs when dusk temperatures exceed 22 degrees C. Average dusk 
temperatures in the Yakima valley range from 17-19 degrees C. Small 
heaters were used to heat the pheromone dispensers about 3 degrees C above 
ambient to increase the pheromone emitted. Plots with heated pheromone 
had mating disruption equivalent to plots without heated pheromone; both 
had codling moth control comparable to insecticides. However, 30% less 
pheromone (fewer ties) was used with heaters and more pheromone remained 
in the dispensers at the end of the year. Also, there were 65% fewer 
emission points in the heat treatment. Using less pheromone and having 
fewer point sources has practical value in relation to pheromone and 
application costs. 
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II. Pome Fruits 
c. Biological control 

1. Pandemis pyrusana Kearfott on apple. 

Jay F. Brunner 
Washington State University 
Tree Fruit Research and Extension Center 
1100 N. Western Avenue 
Wenatchee, WA 98801 

The Eulophid parasite discovered attacking pandemis leafroller (PLR) in 1992, 
Colpoclypeus jlorus, was reared in the laboratory under various conditions to determine 
factors that would affect fecundity, longevity, development rate and sex. The effect of a 
carbohydrate source on the longevity of C.jlorus was investigated by holding newly 
emerged females in small containers with water only or with water plus honey. C.jlorus 
females lived an average of 8.9 days when provided only water. When honey was 
provided as a carbohydrate food source, longevity was increased to 20.9 days. 

Host size effects on Colpoclypeus florus ; C. jlorus can use different stages of 
leafroller larvae as hosts. To determine the optimum age of PLR larvae to use as a host for 
C.jlorus in mass rearing efforts, different instars were presented to females and the 
number of progeny recorded. Table 1 shows the average number of C.jlorus progeny 
produced for each leafroller larva. Larvae near ecdysis are not suitable hosts for C.florus. 
Early fifth instar larvae should be acceptable as hosts according to literature, but in this test 
late 5th instars were not acceptable. 

Table 1. The production of C. jlorus from different ages of PLR larvae. 
Average no. 

PLRlarval age No. C.florus +SEI % dead2 % LR adults3 
3rd instar 3.8 ± 30 10 
4th instar 7.3 ± 30 20 
5th instar 0.1 26 66 
No parasites 0.0 0 100 
1 Number of C. jlorus per leafroller larva was lower than expected probably due to the age of C. florus adults used 

in the test and the presence of a fungus that affected survival of C. florus . 
1 Leafroller larvae that were stung and died without producing C. florus larvae. 

2 Percent of larvae that were not parasitized and emerged as adult PLR. 

The average number of C.jlorus produced from a single parasitized PLR larva collected 
from the field in 1992 was 13.5. There were slightly more C.jlorus produced per field­
collected leafroller larva in 1993, 17.4, compared to 1992 but a slightly lower percentage of 
females was found in 1993. The number of progeny produced and percentage of females 
per PLR larvae in the laboratory was similar to that observed in the field (Table 2). 

Table 2. The number of PLR larvae collected from the field in 1992 and 1993, the average 
number of C.jlorus produced compared with the number of C.jlorus produced in the 
laborato . 

Year 
1992 
1993 
1993 

Source 
Field 
Field 
Lab. 

No. of 
leafroller larvae 

85 
456 

53 

%male 
28.2 
37.5 
27.0 

Colvoclypeus f/orus 
% female Ave. no. adults +SE 

71.8 13.5± 1.02 
62.5 17.4± 0.66 
73.0 12.1 + 1.27 
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Like other Hymenoptera, C.florus determines sex by fertilizing or not fertilizing the egg. 
The literature is a little confusing concerning whether males or females are produced from 
fertilized eggs (fable 3). Most Hymenoptera produce males from unfertilized eggs 
(haploid) and females from fertilized eggs (diploid). A study was conducted to determine 
the situation with C.florus. Mated C.florus produced both males and females while 
unmated C. florus produced only males. The production of offspring was lower than in 
some other studies, due in part to a fungal contamination problem. Longevity of female C. 
florus was also less than expected due to the same problem. 

Table 3. The effect of mating status on the longevity, fecundity and percent female 
production of C. florus. 

Mating status 
Mated 
Unmated 

Ave.female 
longevity ( days 

10.9 
12.7 

Average no. Percent 
C.florus C. florus females 

8.8 73 
14.0 0 

% without 
C.florus 1 

46.9 
30.8 

1 Some leafroller larvae were stung but did not produce C. florus or were too old at the time of exposure and went 
on to produce leafroller adults. 

Parasite release studies: The number of parasites to release in an orchard will be 
dependent upon several factors including how many host larvae are present, how they are 
distributed in the orchard, the size of the trees, and the ability of C. florus to locate its 
host. Preliminary studies were undertaken in 1993 to better ascertain the potential of C. 
florus as a biological control for PLR and at what levels releases might be made. When 
PLR larvae were actively feeding in the shoots, August 11-13, C. florus females were 
released at different densities (10, 20, 30, 50, 100, and 150 per tree) and in different 
patterns. The percentage of leafroller larvae parasitized by C. florus in the spring and 
summer is given in Table 4. In the spring, 20 parasites per tree were released during the 
bloom period. An average of 45.5% of the PLR larvae were attacked by C. florus on 
release trees. Within the same row on trees nearest the release tree, parasitism was 31.7% 
and on the next tree (two trees from the release tree) the percent parasitism was 13.6. On 
trees in the row to the north and south of the release row, parasitism was 3.1 % and 2.9%, 
respectively. In spring C. florus seemed to stay within the release row but did not cross 
readily to the adjacent row. This was less evident in summer, for example, where 100 C. 
florus were released per tree. Parasitism of PLR larvae was highest on release trees 
(88% ), slightly less on adjacent trees within the same row (72%) and lower yet on trees in 
an adjacent row (66% ). 

Table 4. The percent of PLR escaping parasitism and the percent parasitized by different 
parasitic species on trees where C.florus was released at different levels. 
Release No. % LR Averas;e percent parasitism of PLR larvae per tree 
per tree N adults+pupae % C. florus % Tachinidae % Apanteles % Other 
SPRING 
20 5 55.5 45.5 0.0 0.0 0.0 
SUMMER 
10 12 12.5 54.2 28.1 0.0 3.0 
20 12 6.8 63.3 11.5 1.6 8.3 
30 20 13.7 50.6 27.0 0.6 3.0 
50 10 10.5 64.1 16.1 0.0 5.5 
100 10 0.5 87.6 6.3 0.0 5.5 
150 5 12.4 47.1 15.7 15.0 4.8 



II. Pome Fruits 
c. Biological Control 

1. Codling Moth, Pears 

B. G. Zoller 
Pear Doctor, Inc. 
Post Office Box 610 
Finley, CA 95435 

R. Elkins and C. Harris 
University of California 
Cooperative Extension 
883 Lakeport Blvd. 
Lakeport, CA 95453 

R. Hanke 
Agricultural Advisors, Inc. 
Post Office Box 952 
Yuba city, CA 95991 

Control of codling moth (CM), Cydia pomonella, using inundative 
releases of the egg-parasitoid, Trichogramma platneri Fowler 
Strain (TP), was studied in 3 Bartlett pear orchards in Lake 
County, California. Commercially-reared pupae of TP were 
obtained weekly via overnight parcel service from Agricultural 
Advisors, Inc., P. o. Box 952, Yuba City, CA 95991. Cards 
containing 3300 TP pupae each were stapled to pear leaves at 
110,000 insects/acre/week (lX) beginning at the first visual 
egg-laying of CM on April 22, 1993 (84 degree days, 88F/50F 
basis). First egg-laying temperatures occurred April 19, 1993 
(64 DD). Releases were repeated weekly for 14 weeks through 
July 22, 1993 (1469 degree days). Biofix was determined from 
pheromone trap catches of CM males. 

Control of CM was assessed by (1) comparing the% of 
parasitized wild CM eggs in unsprayed release sites with 
parasitism rates in unsprayed, no release areas of the same 
plantings; and (2) comparing the number of infested fruit at 
harvest time (August 12, 1993; 1930 degree days) in unsprayed 
release and control areas (and with a standard insecticide­
treated area in the case of one of the test orchards). (3) In 
addition, control was compared in one test block where releases 
were made in a mating disruption (MD) area (Pacific Biocontrol 
Isomate dispensers hung twice per season at 400 dispensers/ 
acre/hanging (0 and 980 degree days). (4) In one test area, 
release of 220,000 parasitoids/acre/week (2X) was also 
compared. 

Using the lX release rate, the higher the cluster infestation 
level with CM eggs in May, the lower the percent of CM eggs 
parasitized by TP. At 50 CM eggs per 100 clusters, less than 
30% of the eggs were parasitized by TP. At under 10 CM eggs 
per 100 clusters, over 70% of the eggs were parasitized. When 
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CM eggs per 100 clusters were reduced to 2.5 by MD, very high 
parasitism levels may have been achieved. (However, this is 
difficult to assess because of small sample size.) When 2X 
rates of TP were released in one test area, levels of 
parasitism were only somewhat higher than the level predicted 
by the regression line describing lX releases (Figure 1). 

At harvest time, the number of CM larval infested fruit was 
proportional to the number of eggs per 100 clusters in May in 
the release areas and in the control areas. Although May 
levels of CM egg parasitism by the lX release rate of TP were 
significantly raised in all three plots compared to the 
controls, (figure 1), measureable CM control at harvest in 
August occurred only in one plot which had the lowest levels of 
original CM infestation in May. Use of the lX TP release rate 
in a ¥,D area of resulting low cluster infestation by CM was 
equal to control of CM from MD alone in a replicated harvest 
fruit sample. Increasing TP release to 2X rates resulted in 
50% reduction of CM levels at harvest compared with lX rates of 
release in an unreplicated test (Figure 2). 
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II. Pome Fruits 
c. Biological Control 

1. Pear Psyl la - Pear 

Bradley S. Higbee 
Thomas R. Unruh 

USDA-ARS 
3706 W. Nob Hill Blvd. 

Yakima. WA 98902 

Pesticide Bioassays on Pear Psylla Predators 

Foliar residues of pesticides, soaps, and insect growth regulators (IGRs) 
were evaluated for their impact on 1 exotic (Anthocori s nemora l is) and 
2 native (Anthocoris melanocerus and Deraeocoris brevis) predators of pear 
psylla. Mortality at 25% of field rate, field rate, and 400% of field rate 
was somewhat variable across species, with Q. brevi s showing the least 
susceptibility to most compounds. 

Of the synthetic pesticides tested, Thi odan and Sevin caused the most 
mortality (Table 1). Amitraz, Azinphosmethyl and the fungicide, Manzate, 
resulted in the least mortality of the conventional pesticides. 

The botanical, Rotenone, was intermediate in its effects. while the soaps 
and IGRs caused low mortality at all rates under these conditions. 

Table 1. Percent mortality (Abbott's corrected) for three predators of 
pear pyslla. Dose is the fraction of recommended field rate (high range) 
applied to runoff on foliage. Shown are mortality rates after 72 hours of 
confinement on treated foliage for 4-5 instars and each sex of adult. 

A. melanocerus A. nemoralis Deraeocoris brevis 

Material Dose 4-5 N Male Female 4-5 N Male Female 4-5 N Male Female 

Abamectin .25 79 85 32 2 0 26 13 
1 X 69 96 87 41 23 32 24 
4 X 76 100 100 70 24 44 41 

Abamectin .25 66 24 36 
+ Di l 1 X 73 62 49 

4 X 89 62 86 

Thiodan .25 59 100 95 57 97 100 12 24 27 
1 X 96 100 95 91 100 100 7 72 61 
4 X 100 100 100 96 100 100 34 96 93 

Azinphos- .25 0 17 7 0 24 19 27 15 11 
methyl 1 X 14 80 25 23 82 72 45 35 47 

4 X 81 98 94 53 100 97 72 95 89 
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Table 1. Continued. 

A. melanocerus A. nemoralis Deraeocoris brevis 
Material Dose 4-5 N Male Female 4-5 N Male Female 4-5 N Male Female . 

Azinphos- .25 0 17 7 0 24 19 27 15 11 
methyl 1 X 14 80 25 23 82 72 45 35 47 

4 X 81 98 94 53 100 97 72 95 89 

Sevin .25 43 65 39 78 85 94 
1 X 65 92 62 95 100 100 
4 X 84 92 82 91 100 94 

Amitraz .25 10 24 15 4 26 36 4 
1 X 23 15 4 19 36 20 16 
4 X 34 22 15 39 51 31 24 

Manzate .25 12 0 10 0 5 
1 X 0 0 10 9 0 
4 X 6 0 6 6 0 

M-Pede .25 19 2 0 4 0 15 13 0 0 
1 X 17 7 2 4 0 0 8 0 2 
4 X 36 12 9 20 0 20 27 0 13 

Tide .25 8 0 0 12 2 0 0 
1 X 5 0 0 9 0 1 0 
4 X 9 11 0 5 19 0 0 

Ajax .25 0 0 3 9 6 5 2 
1 X 12 0 5 16 6 0 3 
4 X 7 0 0 14 11 6 6 

Fenoxy- .25 7 0 3 
carb 1 X 2 5 7 

4 X 2 0 2 

Pyri prox- . 25 3 0 
ifen 1 X 4 1 

4 X 7 0 

Rote- .25 11 70 20 0 0 17 8 34 11 
none 1 X 9 85 36 7 3 6 31 21 26 

4 X 34 96 70 10 2 56 40 37 0 

Oil .25 0 10 10 5 
1 X 5 24 15 2 
4 X 0 0 13 1 



II Potne Fruits 
c. Biological Control 

Pear Psylla, pear 
Steven R. Booth 
SWREC, 1919 N.E. 78 th St. 
Vancouver, WA 98665 

EARWIG AGGREGATIONS: TRAP HEIGHT VS AGGREGATION PHEROMONE 
Previous investigations have shown the European earwig to be an important pear psylla natural enemy 

which aggregates to sites of high earwig density. A better understanding of the aggregative response would 
enhance the efficacy of augmentative releases. Objectives of this study were: 1) manipulate earwig movement 
within and among trees by providing earwig shelters of differing height, degree of scent saturatation, and shelter 
permanence, 2) substantially augment resident earwig populations by augmentative release, and 3) demonstrate 
psylla suppression due to those releases. 

The study was conducted during Summer 1992 in an Okanagan Valley, B.C. commercial pear block 
managed with a "soft" pest control program. Earwig shelters consisted of rolled-up white canvas strips which 
could be washed to remove earwig scent. An earwig shelter was placed on alternate trees in two 140-tree grids; 
a release and a non-release plot. Each shelter received one of the following treatment combinations: 
permanent/high, permanent/low, replaced/scented/high, replaced/scentedflow, replacedfnonscentedfhigh, and 
replaced/nonscentedflow. Treatment combinations were replicated five times within a grid. Shelters were 
scented by placement in a bucket with 300 earwigs for six days. Earwigs in shelters were counted weekly and 
shelter replacements were made every two weeks. Tree canopies were periodically sampled for earwigs, other 
predators, and psylla immatures. To determine the relationship between earwig and psylla densities, additional 
trees without shelters were also sampled. In one grid, earwigs periodically were released at mid-height in each 
tree bearing a shelter for a total of 160 earwigs/tree. At the final release date of August 18, released earwigs 
were marked and coded according to the treatment of the shelter on the release tree. On September 7, similarly 
marked and coded earwigs were released on each treated tree in the adjacent, previously non-release, grid. 

Earwig density increased faster and reached higher densities in the release grid than iu the non-release 
grid. In both grids, earwigs/shelter peaked sooner than earwigs/tray. Regression analyses showed no 
relationships between earwigs/shelter and earwigs/tray. In both release and non-release grids, distribution of 
earwigs among shelter type and height changed over time. In the non-release grid, differences among shelter 
treatment were quite variable and not significant at any sample period, but more earwigs were found iu the low 
traps than in the high traps. In the release grid, treatment effects were significant at two of the four general 
sample periods. For those two periods, an examination of orthagonal contrasts clarified the treatment effect. In 
the release grid during the second sample period, contrasts of permanent vs replaced and high vs low were 
significant, while that between scented and non-scented was not. During the last sample period, the contrast of 
high vs low was significant, while the other two contrasts of interest were not. Most marked earwigs were were 
found iu the same shelter type and height as their codes. Marked earwigs coded to a shelter of a different type 
and height as that in which they were found had been released on trees with replacedfnon-scentedflow shelters. 
Despite an intially higher value, average psylla density was lower in the release grid than the the non-release grid 
near season's end, but higher earwig densities did not necessarily correlate with lower psylla densities, either 
within or among sample periods. Regression analyses demonstrated at best a weak relationship between numbers 
of earwigs and psylla on individual trees. Natural enemies were relatively higher iu the release grid. 

These experiments did not fully demonstrate that releases of large numbers of earwigs can control pear 
psylla, partly due to unequal numbers of other psylla natural enemies in the experimental grids. In addition, 
psylla densities were quite low iu both grids until late season and sotne earwigs may have foraged in the ground 
cover. The experiments did show that earwig dispersal can be manipulated both within and among trees. Not 
surprisingly, seasonality played a major role in earwig movement. The mode of earwig release helped determine 
choice of shelter type and height, as earwigs apparently climbed the tree upon release. The significant contrast 
between permanent and replaced shelters but non-significant contrast between scented and non-scented shelters, 
suggests that the earwig aggregatation pheromone takes time to accumulate·and can be relatively easily ·removed. ---- -



Pome Fruits 
Chemical Control 

Apple ermine moth Yponomeuta malinellus Apple 

Dip and spray experiments with esfenvalerate (ASANA R ) and 
horticultural oils applied in August, 1993, were 100 percent 
effective for the control of hibernacula enclosed neonates of apple 
ermine moth on apple budwood scions. 

Results of late fall commerercial sprays of horticultural oil, 
esfenvalerate (BELMARK R ) with oil, and chlorpyrifos 
(DURSBAN R) with oil to be read in early January, 1994, will be 
presented. 

EmestC. Bay 
WSU Puyallup REC . 
Puyallup, WA 98371 
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II. Pome Fruits 
d. Chemical control 

1. Aphis pomi and Aphis spiraecola, apple 

Elizabeth H. Beers 
WSU Tree Fruit Research & Extension Center 

1100N. Western Ave. 
Wenatchee, WA 98801 

Materials and Methods: The experiment was done in a commercial orchard near Chelan Falls 
in a block of young 'Golden Delicious' just beginning to bear fruit.· Trees were about 2 m tall. 
At the time the pre-treatment count was taken (15 July), 5 vigorously growing and aphid-infested 
terminal shoots per tree were tagged. The number of aphid-infested leaves per terminal (one or 
more aphids per leaf) and the number of aphids per most infested leaf were recorded. All natural 
enemies encountered on the tagged shoots were also recorded (by individual species). 
Treatments were applied with a handgun sprayer operated at ca. 150 psi. Trees were sprayed to 
the point of drip. M-Pede alone (8 gal and 4 gal/acre), M-Pede plus Thiodan (2 and 3 lb/acre) 
and Thiodan alone at 3 lb/acre were applied on 16 July; all other treatments were applied on 21 
July due to poor weather. 

Fruit evaluations were done on a small-scale commercial packing line (Aweta Co., The 
Netherlands). All fruit on the tree were picked, and were held in refrigerated storage until run 
over the packing line. The lots of fruit were put through the washer/brusher, dried, and then 
graded by size and color. A computer-controlled program kept track of the numbers of fruits in 
each weight and color category. Fruits were then visually inspected for evidence of aphid 
damage (sooty mold in the stem end). All aphid-damaged fruit were weighed individually and 
their color class recorded. 

Aphid control: Essentially, all treatments except Pyrellin (alone) and M-Pede (4 gal/acre) 
reduced aphid populations in comparison to the check (Table 9310b.1). Pyrellin alone had no 
appreciable effect, whereas M-Pede reduced aphid populations considerably. Interestingly, the 
combination of Pyrellin plus M-Pede was not significantly different than the best treatments on 
26 July (NTN-33893 and Phosphamidon). Both combinations of M-Pede plus Thiodan gave 
good results in this trial, although Thiodan alone gave quite adequate control. Thiodan's strong 
performance is somewhat unexpected, since results from other tests have shown varying degrees 
of resistance to this compound. 
Natural Enemy Toxicity: The primary natural enemy found in the plot was Campylomma 
verbasci, a mirid bug. This species comprised from 40-60% of all the predators present. 
Lacewings (primarily larvae) were the next most abundant species, followed by syrphids. Lady 
beetles comprised only a small portion of the population. Other predators included cecidomyiid 
larvae and Deraeocoris nymphs. The abundance of natural enemies declined during the course 
of the experiment, although this was not apparently related to insecticide treatment ( data not 
shown). 
Fruit damage: The primary type of fruit damage found was russetting (Table 93 lOb.2). This is 
a common cause. of cullage for this cultivar, and may have a number of causes. This makes 
interpretation of russetting data difficult; however, since no differences occurred between 
treatment means, it can be inferred that neither the pesticide used nor the aphid honeydew 
influenced the amount of russetting. Direct evidence of fruit damage (sooty mold in the stem 
cavity) was very low overall, occurring only in the check (ca. 2%). This occurred despite 
initially very high aphid numbers and significant honeydew production. Although the 
circumstances that lend themselves toward low vs. high levels of fruit damage for a given aphid 
population require further explanation, clearly not all high aphid populations, even on a sensitive 
cultivar, will produce fruit damage. 
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Table 93 l0b.l. Treatment means of aphid populations, Beebe orchard, 1993. 

Aphids per most infested leaf 

Treatment rate/acre 15 Jul 26Ju]Z 2Augz 9Aug 

M-Pede4EC 8 gal 254.70a 24.40bcde 19.0Sbc 0a 
M-Pede4EC 4 gal 308.25a 62.70abc 10.03bcde 0a 
M-Pede4EC 4 gal 2S9.45a 0.25f O.00e 0a 

+ Thiodan SOW 2 lb 
M-Pede + 4 gal 311.76a 0.55f 0.05de 0a 

+ Thiodan SOW 3 lb 
Thiodan SOW 3 lb 214.63a 6.70ef 2.65cde 0a 
Pyrellin 0. l 12EC 2 pt 308.70a 146.80a 75.00a 0a 
Pyrellin 0. l 12EC 2 pt 281.15a l l.60def 0.45cde 0a 
+M-Pede4EC 4 gal 

Guthion 35WP 2.86 lb 253.45a 24.0Sdef 19.0Sbcd 0a 
+M-Pede4EC 4 gal 
+ Sunspray Oil 4 gal 

Phosphamidon SE 1 pt 246.55a 0.l0f 2.70cde 0a 
Untreated Check 242.78a 138.!0ab 64.25ab 0a 
NTN 33893 2F 6.4 fl oz 224.85a 0.15f 0.05de 0a 

+ Kinetic 4pt 
CGA 215944 25WP 2.67 lb 334.65a 17.40cde 0.00e 0a 
CGA 215944 25WP 4.005 lb 259.50a 28.!0bcd 0.20de 0a 

'Data transformed x=log(x+l) prior to analysis due to unequal variances (Levene's Test). Means within columns 
followed by the same letter are not significantly different (Waller-Duncan k-ratio t-test, k-ratio=I00). 

Table 93 !0b.2. Fruit damage associated with aphids, Beebe orchard, 1993. 

Rate/ nrep~ % fruit % fruit 
Treatment acre nonnnssmg russetted sooty mold 

M-Pede4EC 8 gal 4 15.91 a 0a 
M-Pede4EC 4 gal 3 7.25 a 0a 
M-Pede4EC 4 gal 4 15.53 a Oa 

+ Thiodan SOW 2 lb 
M-Pede4EC 4 gal 4 22.58 a 0a 

+ Thiodan SOW 3 lb 
Thiodan SOW 3 lb 4 26.93 a 0a 
Pyrellin 0. l l 2EC 2 pt _4 14.18 a 0a 
Pyrellin 0.l 12EC 2 pt 4 34.18 a 0a 
+M-Pede4EC 4 gal 

Guthion 35WP 2.86 lb 4 28.35 a 0a 
+M-Pede4EC 4 gal 
+ Sunspray Oil 4 gal 

Phosphamidon SE 1 pt 4 6.75 a 0a 
Untreated Check 4 11.67 a 2.08 a 
NTN 33893 2F 6.4 fl oz 3 lS.17 a 0a 

+ Kinetic 4pt 
CGA 215944 25WP 2.7 lb 3 15.00 a 0a 
CGA 215944 25WP 4 lb 2 3.45 a 0a 
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II. Pome Fruits 
d. Chemical control 

1. Aphis pomi and Aphis spiraecola, apple 

Elizabeth H. Beers 
WSU Tree Fruit Research & Extension Center 

1100 N. Western Ave. 
Wenatchee, WA 98801 

Test of Registered Aphicides, 1993: Interest in aphid management has increased considerably 
in the past few years. Aphis pomi and Aphis spiraecola are chronic pests of apple in 
Washington. Up until a few years ago, management was relatively straightforward: an aphicide 
was added to a cover spray 1-2 times/season whenever aphids became numerous. According to a 
survey of bearing apples during the 1989 growing season, aphids were targeted in 2.4 
sprays/season on 84% of the acreage. This makes aphids the second most sprayed-for insect 
after codling moth. 

Materials and Methods: The experiment was done in a commercial orchard near Chelan 
(Chelan Co.), Washington. The block was composed of standard 'Delicious' trees over 4 m tall. 
At least 1 buffer tree (within rows) was kept between trees used in the experiment to prevent 
contamination from drift. At the time the pre-treatment count was taken (24 June), 10 
vigorously growing and aphid-infested terminal shoots per tree were tagged ( 4 replicate 
trees/treatment). The number of aphid-infested leaves per terminal (one or more aphids per leaf) 
and the number of aphids per most infested leaf were recorded. All natural enemies encountered 
on the tagged shoots were also recorded (by individual species). The exception to this was the 
pre-treatment count, where a rating scale (0 to 3) was used instead of counting the aphids per 
most infested leaf. Treatments were applied with a handgun sprayer operated at ca. 360 psi. 
Trees were sprayed to the point of drip on 28 June. The second and third applications of the 
triple application ofM-Pede were applied 9 and 16 July. 

Fruit evaluations were done on a small-scale commercial packing line (Aweta Co., The 
Netherlands). The fruit were picked loose into a cardboard packing box, with a sample size of 
up to 1 box/tree. Fruit were held in refrigerated storage until run over the packing line. The 1-
box lots of fruit were put through the washer/brusher, dried, and then graded by size and color. 
A computer-controlled program kept track of the numbers of fruits in each weight and color 
category. Fruits were then visually inspected for evidence of aphid damage (sooty mold in the 
stem end). All aphid-damaged fruit were weighed individually and their color class recorded. 

Aphid control: Phospharnidon gave results inconsistent with past trials. M-Pede + Thiodan 3 
lb, dimethoate, and Asana performed fairly well, although means in the dirnethoate treatments 
were higher than the checks late in the season. M-Pede plus 2 lb ofThiodan and M-Pede alone 
(8 gal/acre) allowed overall higher aphid populations (Table 931 0a. l ). 
Natural enemy toxicity: Initial species composition of natural enemies was about 40% each 
syrphids and lacewings, and 15% campylomma. The former two declined over time, and by the 
end of the experiment campylomma comprised ca. 93% of the natural enemies present. There 
were no clear trends in toxicity of materials to natural enemies (data not shown). There appeared 
to be survival of many species regardless of the material sprayed. 
Fruit damage: No russet was found on the apples (Table 93 lOa.2), which was expected of this 
non-russet susceptible cultivar. However, some sooty mold occurred in several of the 
treatments. Only the damage occurring in the Phospharnidon treatment was significantly higher 
than the other treatments, in this case, including the check. This is the opposite of what might be 
expected, since Phospharnidon did a reasonable job of aphid control. It is likely that this 
difference .is due to random error rather than any failure of the material. Overall, fruit damage 
from sooty mold was very low. 



Table 9310a.l. Treatment means of aphid populations, Naumes office block, 1993. 

Number of aphids/most infested leaf 
Rate/ 

Treatment acre 24 Junx 2 Jul 9 Jul 19 Jul 23 Jul 

M-Pede4EC 8 gal l.S8a 31.79ab SS.88a 40.90a 21. lSa 
M-Pede4EC 4 gal 1.68a Sl.20bc 27.86abc 2S.S8a 10.9Sa 
M-Pede4EC 4 gal 1.90a 20.00cd 32.13abc 46.0Sa 30.8Sa 
+ Thiodan SOW 2 lb 

M-Pede4EC 4 gal 1.63a 6.40e 9.S8c 24.93a 21.60a 
+ Thiodan SOW 3 lb 

Thiodan SOW 3 lb 1.63a 12.13de 13.8Sbc 23.38a 1 l.S8a 
M-Pede 4EC (triple) 2 gal l.SSa 28.2Sbc 41.36ab 26.06a 11.09a 
Asana XL 0.66EC 2 fl oz l.9Sa 12.SSde 20.88bc 2S.S8a 10.83a 
Dimethoate 2.67EC 4 pt 1.68a l l.78de IS.3Sbc 29.29a 31.04a 
Phosphamidon SE I pt l.7Sa 0.7Sf 7.9Sc 28.73a 11. lOa 
Untreated Check -- 1.78a 69.33a 49.6Sa 37.98a 16.93a 

Table 9310a.2. Treatment means of fruit damage, Naumes orchard, 1993. 

Rate/ n % 
Treatment acre acre replications russet 

M-Pede4EC 8 gal 4 Oa 
M-Pede4EC 4 gal 4 Oa 
M-Pede4EC 4 gal 4 Oa 
+ Thiodan SOW 2 lb 

M-Pede + 4 gal 4 Oa 
+ Thiodan SOW 3 lb 

Thiodan SOW 3 lb 4 Oa 
M-Pede 4EC (triple) 2 gal 4 Oa 
Asana XL 0.66EC 2 fl oz 4 Oa 
Dimethoate 2.67EC 4 pt 4 Oa 
Phosphamidon SE 1 pt 4 Oa 
Untreated Check -- 4 Oa 
zoata transformed arcsrne q\yJIUOJ due to non-homogenous vanances as determmed by Levene s test. 
Means within columns followed by the same letter are not significantly different (Waller-Duncan k-ratio I-test, k-ratio= 100). 

30 Jul 9Aug 

6.10a O.OOa 
1.84a 0.03a 

20.48a O.OOa 

1.63a O.OOa 

2.28a O.OOa 
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2S.39a O.OOa 
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II. Pome Fruits 
d. Chemical control 

1. Campylomma verbasci on 'Golden Delicious' 

Michael E. Reding and Elizabeth H. Beers 
Washington State University Tree Fruit Research and Extension Center, 1100 N. Western 

Avenue, Wenatchee, WA 98801 

Early Chemical Applications for Control of Campylomma verbasci Meyer on 'Golden 
Delicious'. Campylomma is a direct pest on sensitive apple varieties, particularly 'Red' and 
'Golden Delicious'. 'Golden Delicious' appear to be the most sensitive variety to 
Campylomma feeding injury. At this point, Carzol l lb./acre at full bloom is the standard 
control for this pest. In 1992 we had success with early pesticide applications on 
'Delicious'. Lorsban, Thiodan, Carzol and Diazinon were all tested at full field rate. This 
year we retested these chemicals at the early spray timing (half-inch green & pink) on 
'Golden Delicious' and compared lower rates with their full field rate. 

The orchard contained a standard planting of 'Golden Delicious' 4-5m tall. The 
experimental design was a randomized complete block with 11 treatments and four single 
tree replications per treatment. All treatments were applied with a handgun sprayer to 
point of drip, the Oil + Lorsban and Oil only treatments were applied at 300 psi. while all 
other treatments were applied at 400 psi. Per acre application rates were based on a 400 
gal/acre. Post-treatment nymph densities were sampled from one limb of each replicate 
tree per sampling date, by striking the limb sharply three times over 45 x 45 cm black cloth 
tray (the limb-tap method). Fruit evaluations were conducted at June drop and preharvest. 
Eighty fruit per replicate per sampling date were evaluated. Fruit with at least one 
Campylomma sting were considered culls. 

Although nymph densities exceeded the economic injury level for 'Golden 
Delicious', they were not high(::;; 2.25 nymphs/tap). All treatments except Oil-only 
suppressed nymph densities, although suppression faltered for Diazinon before other 
treatments. Damage was moderate in the control and the Oil-only treatment (3.44% injured 
fruit in both treatments), all other treatments provided adequate protection ( < 1 % injury ) at 
preharvest. 

Golden Delicious 
Four single tree replicates per treatment. Percent 

Date Rate fm/ Rate Al/ Culled Fruit 
Compound Applied Timing Acre Acre 3 Sept, 93 
Lorsban 4E + oil 16 Apr, 93 HIG 3 pt., & 1% 1.5 lb 0.94 b 
Lorsban SOW 1 May, 93 Pink 1.5 lb 0.75 lb 0.94 b 
Lorsban SOW 1 May, 93 Pink 3Ib 1.5 lb 0.94 b 
Thiodan SOW 1 May, 93 Pink 2 lb 1.0 lb 0.63 b 
Thiodan SOW 1 May, 93 Pink 3 lb 1.5 lb 0.31 b 
Thiodan SOW 1 May, 93 Pink 4Ib 2.0 lb 0.63 b 
Diazinon SOWP 1 May, 93 Pink 4Ib 2.0 lb 0.63 b 
Carzol 92SP 1 May, 93 Pink 0.5 lb 0.46 lb 0.94 b 
Carzol 92SP 1 May, 93 Pink 1 lb 0.92 lb 0.00 b 
Oil 16 Apr, 93 HIG 1% 3.44 a 
Untreated Check 3.44 a 

.. 
Treatments w1thm the same column followed by the same letter are not s1grnf1cantly 

different Fisher's least-significant-difference test p :, 0.05. 
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IL Pome Fruits 
d. Chemical control 

1. Pandemis leafi:oller and apple 

Alan L. Knight 
USDA, Agricultural Research Service 

Yakima, WA 

Spring Spray Trial, 1993. An early-season spray trial for pandemis leafroller was 
conducted in an apple orchard situated in Naches Heights, 5 miles west of Yakima, 
WA. The orchard was a 25 yr-old planting of 'Delicious' and 'Golden Delicious' on 
a 16 x 20' planting. Ten treatments were selected and each treatment was replicated 10 
times. Plots consisted of 4 adjoining trees and were separated by two untreated trees 
within each row and 1 tree between rows. All materials were applied with a handgun 
at 200 gal per acre. Treatment 1 was an untreated check. Treatment 2 was sprayed 
with Lorsban 4EC at 1.5 pints plus 2 gal of Supreme oil per 100 gal on 15 April. 
Treatment 3 was also sprayed with Lorsban plus oil but was then sprayed with 1 lb of 
Dipel per 100 gal at pink and bloom. Treatments 4-6 were two sprays of Dipel at 1 lb 
per 100 gal timed at tight cluster and pink, pink and bloom, and bloom and petal fall, 
respectively. Treatment 7 was Dipel plus Coax timed at pink and bloom. Treatments 
8-10 were MVP at 2 qt, Cutlass at 1 lb, and Javelin at 1 lb per 100 gal timed at pink 
and bloom, respectively. In all Bt applications, the sticker/ surfactant Raincoat was 
added at 1.0 pt per 100 gal. Dates of application were the following: tight cluster - 28 
April, pink - 4 May, bloom - 11 May, and petal fall - 19 May. 

Leafroller populations were sampled prior to any Bt sprays on 23 April. Five buds 
from the top and bottom of each tree were collected and visually searched for larvae. 
No precount data was obtained for the Lorsban treatments. Leafi:oller larvae were again 
sampled on 25 May. On this date each tree was visually searched for 6 min. The 
number of alive larvae was recorded. Data were transformed with sqr (x + 0.5) and 
subjected to analysis of variance. Significant differences were separated with Newman/ 
Keul's Range test, I'.= 0.05. 

Results 

Spring spray trial. The overwintering population density of leafrollers was high with 
nearly 10% of buds infested (Table 1 ). All spray applications significantly reduced 
leafi:oller populations relative to the check. The lowest population density occurred in 
the plots sprayed with the latest timing of Dipel, i.e, bloom and petal fall. Plots with 
earlier timings of Dipel had higher population densities with the tight cluster and pink 
combination performing the worst. The addition of Coax caused a 46% decrease in the 
leafroller population density. Javelin was somewhat better but not significantly 
different from Dipel. MVP and Cutlass provided poor control at the rates tested though 
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this was not significantly different from Dipel. The level of control provided by 
Lorsban + oil was similar to Dipel applied at pink and bloom. Combining the Lorsban 
+ oil spray with two later sprays of Dipel timed at pink and bloom improved control, 
but not significantly. 

Conclusion 

From both field and laboratory studies it appears that the use of two applications of 
Dipel can be very effective in reducing the overwintering population of pandernis leaf­
roller. Proper timing of Dipel appears to be bloom and petal fall though the immediate 
weather conditions will always be important in determining the effectiveness of Bt. 
These data suggest that the addition of Coax improves the efficacy of Dipel. However, 
it is not clear whether the addition of Coax is superior to simply increasing the rate of 
Bt. Finally, this data is rather inconclusive on the effectiveness of Dipel for summer 
control of leafrollers. However, these data suggest that the use of Penncap-M may be 
harmful to the management of both mites and leafrniners. 

Table I. Results of applying various insecticides to control Pandemis leafroller larvae 
overwintering in apple, 1993. 

Precount (23 April Postcount (25 May) 
Treatment Rate" Timingb # larvae/24 buds # larvae/24 min. search 

Check 4.2 ± 0.44a 27.4 ± 3.90a 
Lorsban' 1.5 pt dd 1.0 ± 0.33b 7.9 ± l.97bcd 
Lorsban' + 1.5 pt dd 1.0 ± 0.33b 2.6 ± 0.76d 
Dipel 1.0 lb p, b 
Dipel 1.0 lb tc, p 4.1 ± 0.72a 14.0 ± 1.32b 
Dipel 1.0 lb p, b 3.5 ± 0.69a 7.6 ± 1.20bcd 
Dipel 1.0 lb b, pf 3.5 ± 0.86a 2.1 ± 0.64d 
Dipel + 1.0 lb p, b 4.2 ± 0.59a 4.1 ± 0.89cd 
Coax 1.5 qt 
MVP 2.0 qt p, b 5.1 ± 0.74a 10.6 ± 2.07bc 
Cutlass 1.0 lb p, b 3.5 ± 0.54a 13.4 ± 1.51b 
Javelin 1.0 lb p, b 4.8 ± 0.63a 6.4 ± l.42bcd 

• All rates are per 100 gal applied with a handgun at 200 gal per acre. 
b 'dd' is the delayed-dormant timing applied on 15 April; 'tc' is tight cluster timing 
applied on 28 April; 'p' is the pink timing applied on 4 May; 'b' is the bloom timing 
applied on 11 May; and 'pf is the petal fall timing applied on 19 May. 
' The Lorsban and oil treatment was applied prior to the larval count on 23 April. 



II. Pome Fruits 
d. Chemical control 

1. Pandemis leafroller and apple 

Alan L. Knight 
USDA, Agricultural Research Service 

Yakima, WA 

Summer Spray Trial, 1993. Studies were conducted to compare the efficacy of Dipel 
vs Penncap-M for control of pandemis leafroller and to evaluate their respective impacts 
on secondary pests and natural enemies. Five replicates of 4-tree plots were randomly 
established in the same Naches Heights orchard. Treatments consisted of an untreated 
check, Dipel at 1 lb per acre, and Penncap-M at 8 pints per acre. All sprays were 
applied with a handgun at ca. 200 gal. per acre. Sprays were applied on 22 July. This 
corresponded to approximately 75% egg hatch based on sampling egg masses. 

Prior to the spray applications, precounts of leafroller egg masses and phytophagous 
mite and predatory mite densities were made. Mite sampling consisted of selecting 10 
leaves per tree from each plot. Counts of two spotted spider mite and European red 
mite were combined. Both mites and leafrniners were sampled 3 and 6 wks post-spray. 
Leafrniners were sampled by visually searching each tree for 60 s. Up to 5 mines per 
tree were later dissected to determine percent parasitism. Leafroller egg masses were 
counted during the three leafminer samples and totalled for the entire study. Leafroller 
larvae were sampled 4 weeks after the treatments were applied. Each plot of 4 trees 
were visually searched for 12 min. All count data were transformed with sqr(x + 0.5) 
and percentage data were transformed with arcsin(x). All data were analyzed with 
ANOVA. Significant differences were separated with Newman / Keul's Range test. 

Results 

Summer Spray Trial. Leafroller populations in this orchard crashed during the middle 
of the season. Spiders and lacewing larvae appeared to be largely responsible, and a 
suite of parasites was also important. No healthy leafroller larvae older than a third 
instar were ever found in the orchard during the 6 week test. Thus despite a very large 
population overwintering in this orchard and a sizeable number of egg masses laid by 
this first generation (average of 0.5 per tree) populations in all plots were low and 
probably do not reflect the use of insecticides in this trial. However, the population 
density of larvae in late August was lower but not significantly different in the 
Penncap-treated plots, mean = 1.6 per 12 min search versus 5.0 and 4.8 in the check 
and Dipel-treated plots, respectively. 

Differences in the population density of secondary pests and their natural enemies were 
found between the Dipel and Penncap-M plots. The effect of Penncap-M and Dipel on 
mite populations is unclear. In the September sample, significantly more phytophagous 
mites were found in the Penncap-M than in the Dipel-treated plot, but while the number 
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of predatory mites was lowest in the Penncap-M-treated plots the difference was not 
significant (Table 2). The use of Penncap-M relative to Dipel significantly decreased 
the percent parasitism ofleafminers though the density of mines was not reduced (Table 
3). 

Conclusion 

From both field and laboratory studies it appears that the use of two applications of 
Dipel can be very effective in reducing the overwintering population of pandemis leaf­
roller. Proper timing of Dipel appears to be bloom and petal fall though the immediate 
weather conditions will always be important in determining the effectiveness of Bt. 
These data suggest that the addition of Coax improves the efficacy of Dipel. However, 
it is not clear whether the addition of Coax is superior to simply increasing the rate of 
Bt. Finally, this data is rather inconclusive on the effectiveness of Dipel for summer 
control of leafrollers. However, these data suggest that the use of Penncap-M may be 
harmful to the management of both mites and leafrniners. 

Table 1. The effect of summer insecticide sprays on 
phytophagous and predatory mites on apple, 1993. 

Phytophagous mites Predatory mites 
11er 40 leaves 11er 40 leaves 

Treatment 20 July 11 Aug 3 Sept 20 July II Aug 3 Sept 

Check l.0a 2.6a 0.6ab 32.0a 55.4a 32.6a 
Dipel 1.8a 0.2a 0.0a 59.2a 50.4a 34.0a 
Penncap-M 0.2a l.0a 1.2b 33.6a 67.0a 17.4a 

Means were separated with the Newman I Keuls Range test, £ = 0.05. 

Table 2. The effect of summer spray applications on 
leafrniners and their parasites. 

# Leafminers per 4 min % parasitism 
Treatment II Aug 3 Sept 11 Aug 3 Sept 

Check 26.2a 22.0a 14.0a 57.0a 
Dipel 24.0a 14.0a 22.0a 65.6a 
Penncap-M 31.8a 14.8a 3.0b 39.5a 

Means were separated with the Newman I Keuls Range test, £ = 0.05. 



II. Pome Fruits 
d. Chemical control with Bt 

1. Pandemis pyrusana Kearfott on apple leaves 

Jay F. Brunner 
Washington State University 
Tree Fruit Research and Extension Center 
1100 N. Western Avenue 
Wenatchee, WA 98801 

Using a leaf-disk bioassay, Bt products applied in different amounts of water per acre were 
evaluated for their effect on PLR larvae. Treatments were applied at their recommended 
field rates (see table) carried in water of 400, 100 and 50 gallons per acre (gpa) using a 
conventional speed sprayer operating at 200 psi. Each treatment was replicated three times 
with four trees in each. Leaves were collected from the interior canopy of treated trees at 1, 
3, and 7 days post-treatment. One punch (2.3 cm diameter) was taken from each of 20 
leaves per treatment on each date. Four punches were placed in each petri dish (Falcon 
1006, 50x9 mm). Petri dishes were chosen randomly, and five one- to two-day-old 
leafroller larvae were placed on the leaf disks. The petri dish lids were put in place, and 
dishes were placed inside a food storage container with a moist paper towel to maintain 
high humidity and kept at 75°F (±2°F) constant temperature and 16:8 photoperiod. Petri 
dishes were examined after 7 days and larval survival recorded. Five dishes were set up in 
each replicate (75 larvae per treatment). 

There was no consistent pattern associated with spray concentration and efficacy of Bt 
products on PLR larvae (Table 1). 

Table 1. Percent mortality of PLR larvae exposed to residues of Bt products applied at 
different concentrations of water per acre using a leaf-disk bioassay method. 

Product 
Dipel2X 
Dipel2X 
Dipel2X 
Javelin 
Javelin 
Javelin 
MVP 
MVP 
MVP 
Cutlass 
Cutlass 
Cutlass 
Check 

Rate form. /acre 
1 pound 
1 pound 
1 pound 
1 pound 
1 pound 
1 pound 
3 quarts 
3 quarts 
3 quarts 
1 pound 
1 pound 
1 pound 
NONE 

1 DAT= days after treatment. 

Cone. (gpa) 
400 
100 
50 

400 
100 
50 

400 
100 
50 

400 
100 
50 

1 
89c 
93c 
85c 
89c 
96c 
92c 
92c 
80c 
90c 
65b 
76bc 
78bc 
16a 

Percent larval mortality - DA Tl,2 
3 7 

77b-f 56def 
58bc 54c-f 
47b-f 41b-e 
85def 57def 
94f 77f 
89ef 77f 
85def 62def 
61bcd 42b-e 
81c-f 66ef 
64b-e 30abc 
60bcd 37bcd 
54b 26ab 
30a 12a 

2 Means in the same column followed by the same letter not significantly different (Student-Newman-Keuls, 
P=0.05). 

Using a leaf-disk bioassay, Bt products applied alone or in combination with a spreader­
sticker (Triton B-1956®) were evaluated for their effect on PLR larvae. The same methods 
described above were used. There was no consistent pattern to mortality of PLR larvae in 
treatments with Bt alone or Bt+wetting agent combinations (Table 2). Check mortality was 
high, primarily due to leaf quality. To determine the effect ofleaf quality on check 
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mortality an additional bioassay was conducted. PLR larval mortality was compared using 
leaves of trees in the untreated control from the orchard where the Bt+wetting agent test 
was conducted and leaves from an orchard at the WSU-TFREC. Mortality was 
significantly higher on untreated leaves from the orchard where the Bt+wetting agent test 
was conducted, 32.0% compared to 6.7%. Leaves in this orchard were damaged by 
feeding of white apple leafhoppers and aphids. Leaves in the TFREC orchard were in 
good condition, with little leafhopper feeding. 

Table 2. Percent mortality of PLR larvae exposed to residues of Bt products alone or in 
combination with a wetting agent using a leaf-disk bioassay method. 

Percent larval mortality - 7 daysl,2 
(days after treatment) 

Product Rate form. /acre Cone. (zya) 1 3 7 
Dipel2X 
Dipel2X 

Triton B-1956 
Javelin 
Javelin 

Triton B-1956 
MVP 
MVP 

Triton B-1956 
Cutlass 
Cutlass 

Triton B-1956 
Check 

Orchard A 
TFREC 

1 pound 100 
1 pound+ 100 

8 ounces 
1 pound 100 
1 pound + 100 

8 ounces 
3 quarts 100 
3 quarts + 100 

8 ounces 
1 pound 100 
1 pound + 100 

8 ounces 
NONE 

Leaf quality 
NONE 
NONE 

1 DAT= days after treatment. 

77.3bcd 
93.3d 

84.0bcd 
92.0cd 

76.0bc 
73.3b 

49.3a 
45.3a 

42.?a 

bioassay test 
32.0b 

6.7a 

98.?c 58.?bcd 
92.0c 74.?de 

96.0c 70.?cde 
89.3c 81.3e 

89.3c 82.?e 
68.0b 56.0bc 

65.3b 66.?bcde 
73.3b 52.0b 

42.?a 26.?a 

2 Means in the same column followed by the same letter not significantly different (Student-Newman-Keuls, 
P=0.05). 

Dipel was applied alone or in combination with a feeding stimulant, Coax®. The same 
methods described above were used. PLR mortality was slightly higher in the Dipel+Coax 
treatment at all tlrree samples following application, but differences were not significant 
except on day 3 when treatments were applied as dilute sprays (400 gpa) (Table 3). 

Table 3. Percent mortality of PLR larvae exposed to residues of Bt products alone or in 
combination with a Coax® using a leaf-disk bioassay method. 

Product 
Dipel2X 
Dipel2X 

Coax 
Dipel2X 
Dipel2X 

Coax 
Check 

Rate form. /acre 
1 pound 
1 pound+ 

1 quart 
1 pound 
1 pound+ 

1 quart 
NONE 

Cone. (zya) 
400 
400 

100 
100 

Percent larval mortality - 7 daysl,2 
(days after treatment) 

1 
70.?b 
80.0b 

73.3b 
85.3b 

45.3a 

3 
53.3a 
78.?b 

81.3b 
86.?b 

56.0a 

7 
53.3b 
60.0b 

57.3b 
73.3b 

30.?a 



II. Pome Fruits 
d. Chemical control 

1. Twospotted spider mite (Tetranychus urticae) and apple. 

Astrid H. Andersen and Elizabeth H. Beers 
Tree Fruit Research and Extension Center 

Washington State University 
1100 N. Western Ave. 

Wenatchee, WA 98801 

The Effect of Leaf Age on the Length of Residual Activity of Agri-Mek in Pear 
Foliage as determined by Twospotted Spider Mite Mortality. 

Site and method description. 
This study was conducted in a mature 'd'Anjou' orchard at the Tree Fruit Research and 
Extension Center in Wenatchee, Washington. A cohort of leaves (the leaf closest to mid­
shoot on current season's growth) was tagged on 16 May. The experimental design was 
randomized complete block with three treatments (leaf age at time of application) and 10 
replications. Leaf ages were 2, 6 and 12 weeks old, applied on 17 May, 16 June and 26 
July respectively. Treatments were applied with a handgun sprayer at 350 psi to the point 
of drip, and untreated trees were left as checks. To avoid pear psylla damage the plot 
was treated with fenoxycarb pre-bloom and detergent several times during the 
experimental period. The pear psylla sprays were never applied closer than 3 days before 
a bioassay was initiated. 

The Agri-Mek residues were bioassayed weekly or biweekly starting 1 week post­
treatment continuing through 13 Sept. Ten tagged leaves were collected from each 
treatment on each bioassay date. A 2-cm leaf disk was cut from each leaf and floated in a 
jelly cup with distilled water and cotton, and with the bottom surface facing up. Ten 
adult female TSM were transferred to each leaf disk and evaluated for mortality after 72 
hat 24°C. Dead and moribund mites were classed as dead, and mites that were not found 
on the leaf disk were not included in the analyses. Replicates with less than five mites 
found on the disk at time of evaluation were also excluded from the analyses. Treatment 
mortality data were corrected for check mortality with Abbott's formula. 

Leaf age-dependent residual activity. 
This experiment on pear is a follow-up to our 1992 bioassay study of the effect of 

leaf age on the length of residual activity of Agri-Mek in apple foliage. In both apple and 
pear there is clearly stronger residual effect of Agri-Mek the earlier in the season it is 
applied. Although. these studies were performed in different growing seasons under 
different weather conditions, the period of residual control appear to be much longer in 
pear than in apple foliage, especially when applications were made to older leaves. 

Residual activity is most easily explained by initial absorption into the leaf. This 
study indicates that changes in leaf surface characteristics as the leaf ages and are 
exposed to environmental factors are the reason for the decrease in rate of initial 
absorption of Agri-Mek as the foliage ages. The results of the study emphasizes the 
importance of using Agri-Mek early in the season for obtaining the best results in field 
performance. 
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Figure 1. Effect of leaf age (2, 6, and 12 weeks) at time of Agri-Mek application on residual 
control of twospotted spider mite as determined by leaf-disk bioassay. 



II. Pome Fruits 
d. Chemical control 

I. European Red Mite (Panonychus ulmi), Twospotted spider mite (Tetranychus 
urticae) and apple. 

Astrid H. Andersen and Elizabeth H. Beers 
Tree Fruit Research and Extension Center 

Washington State University 
1100 N. Western Ave. 

Wenatchee, WA 98801 

Efficacy of Agri-Mek against European Red Mite and Twospotted Spider Mite on Apple in 
Relation to the Translaminar Activity of Agri-Mek in Apple Foliage. 

Site and method description. 
This study was conducted in a mature 'Delicious' orchard at the Tree Fruit Research and 

Extension Center in Wenatchee, Washington. The experimental design was a 2 x 2 factorial, 
with 2 mite species (ERM or TSM) and 2 leaf surfaces assayed (upper and lower). An unsprayed 
check was used to correct for natural mortality using Abbott's formula. The pesticide treatment 
was Agri-Mek 0.15EC 11 g ai/acre plus 0.25% Volek Supreme Oil, applied 23 July with a 
handgun sprayer at 300 psi to the point of drip. 

The residues were bioassayed weekly for 4 weeks post treatment starting I week after 
treatment. Ten tagged leaves were collected from each treatment on each bioassay date. A 2-cm 
leaf disk was cut from each leaf and floated in a jelly cup with distilled water and cotton, with the 
appropriate leaf surface uppermost. Ten adult female mites (TSM from greenhouse colony on 
bean, ERM from local 'Delicious' orchard) were transferred to each leaf disk and evaluated for 
mortality after 72 h at 24 °C. Dead and moribund mites were classed as dead, and mites that were 
not found on the leaf disk were not included in the analyses. Replicates with less than five mites 
found on the disk at time of evaluation were also excluded from the analyses. 

Mite susceptibility and Agri-Mek translaminar activity. 
Both mite species were primarily susceptible to Agri-Mek residues exposed from the 

bottom side of the leaves. There were no significant differences between the two mite species in 
susceptibility when exposed to Agri-Mek from either side of the leaves. 

This study shows that Agri-Mek is mainly absorbed through the bottom side of apple 
leaves. Residues of Agri-Mek on apple leaves were only effective to mites feeding on the bottom 
leaf surface. TSM tend to colonize on the bottom surfaces of leaves, while ERM are thought to 
colonize both sides of the leaves. This study indicates that Agri-Mek's lack of performance 
against ERM in field trials may possibly be explained by behavior rather than physiology. 
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II. Pome Fruits 
d. Chemical control 

1. Twospotted spider mite (Tetranychus urticae) and apple. 

Astrid H. Andersen and Elizabeth H. Beers 
Tree Fruit Research and Extension Center 

Washington State University 
ll00 N. Western Ave. 

Wenatchee, WA 98801 
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Investigation of the Effect of Leaf age on the Efficacy of Adjuvants Applied with Agri-Mek as 
Determined by Twospotted Spider Mite Mortality, 

Site and method description. 
The study was performed in a mature 'Delicious' orchard at the Tree Fruit Research & Extension 

Center in Wenatchee, Washington.· The four treatments (Agri-Mek 0.15EC ll g ai/acre; Agri-Mek 
0.15EC ll g ai/acre plus 0.25% Volek Supreme Oil; Agri-Mek 0.15EC ll g ai/acre plus 0.25% Sylgard; 
and an untreated check) were applied to four large trees on 16 June, and then to a different set of trees on 
28 July. Treatments were applied with a handgun sprayer at 350 psi to the point of drip. 

The residues were bioassayed weekly or biweekly starting I week after treatment through 17 
Sept. One leaf from the middle portion of IO shoots was collected from each treatment on each bioassay 
date. A 2-cm leaf disk was cut from each leaf and floated with the bottom surface uppermost in a jelly 
cup with distilled water and cotton. Ten adult female TSM were transferred to each leaf disk and 
evaluated for mortality after 72 h at 24 °C. Dead and moribund mites were classed as dead, and mites that 
were not found on the leaf disk were not included in the analyses. Replicates with Jess than five mites 
found on the disk at time of evaluation were also excluded from the analyses. Treatment mortality data 
were corrected for check mortality with Abbott's formula. 

Effects of timing of application. 
The residual activity on leaves sprayed with Agri-Mek without any adjuvant stayed high (above 

85%) until 5 weeks post-treatment for the early application. For the later application the initial TSM 
mortality for Agri-Mek without any adjuvant was low (60%) and decreased rapidly in the succeeding 
weeks. 

There did not appear to be any significant difference in the residual activity of Agri-Mek when oil 
or a silicone surfactant was nsed as an adjuvant. Mortality remained high ( over 80%) for 93 days when 
applied at the early timing, but dropped below this level after 35 days at the later timing. 

Our 1992 bioassay comparing Volek Supreme Oil and Sylgard as adjuvants for Agri-Mek showed 
a slightly better residual effect late in the season when Sylgard was used as the adjuvant. The 1992 
growing season was characterized by hot, dry weather conditions, where as in 1993 the weather 
conditions were cooler and more humid. The latter conditions may aid in absorption of Agri-Mek into the 
foliage. This may be a possible reason for the lack of difference in efficacy between the two adjuvant, 
however, both appear to provide the necessary increase in residual control. As shown in other tests, 
earlier applications will provide longer residual activity than later ones, and this factor outweighs the 
choice of adjuvant. 
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IL Pome Fruits 
d. Chemical control 

1. Twospotted spider mite (Tetranychus urticae) and apple. 

Astrid H. Andersen and Elizabeth H. Beers 
Tree Fruit Research and Extension Center 

Washington State University 
llOO N. Western Ave. 

Wenatchee, WA 98801 

The Translaminar Activity of Agri-Mek in Apple Foliage as Determined by Twospotted Spider 
Mite Mortality. 

Site and method description. 
This study was conducted in a mature 'Delicious' orchard at the Tree Fruit Research and Extension Center 
in Wenatchee, Washington. The experimental design was a 2 x 2 x 2 factorial, with 2 leaf surfaces 
sprayed, 2 leaf surfaces assayed, at 2 different leaf ages. An unsprayed check was used to correct for 
natural mortality using Abbott's formula. One leaf from the basal part of several shoots were tagged on 
12 trees. Some of the tagged leaves were sprayed on the upper leaf surface, some were sprayed on the 
bottom leaf surface and some were left as checks. The pesticide treatment were Agri-Mek 0.15EC 11 g 
ai/acre plus 0.25% Volek Supreme Oil applied with an atomizer to the point of drip 2 July and 13 August. 

The residues were bioassayed weekly or biweekly 4 - 6 weeks post-treatment starting 1 week 
after treatment. Ten tagged leaves were collected from each treatment on each bioassay date. A 2-cm 
leaf disk was cut from each leaf and floated in a jelly cup with distilled water and cotton with the 
appropriate leaf surface uppermost. Ten adult female TSM were transferred to each leaf disk and 
evaluated for mortality after 72 hat 24°C. Dead and moribund mites were classed as dead, and mites that 
were not found on the leaf disk were not included in the analyses. Replicates with less than five mites 
found on the disk at time of evaluation were also excluded from the analyses. Treatment mortality data 
were corrected for check mortality with Abbott's formula. 

Translaminar activity of Agri-Mek. 
The residual activity pattern for the application timings were analyzed separately. For both 

application timings there is a prominent significant effect of leaf surface sprayed and leaf surface 
bioassayed. Only where TSM was exposed to Agri-Mek sprayed on the bottom leaf surface was there 
any significant residual activity. This study indicates that Agri-Mek is mainly absorbed through the 
bottom side of apple leaves' and that residues of Agri-Mek on apple leaves are primarily effective to mites 
and insects feeding on the bottom leaf surface. 

The reasons for what is apparently better absorption through the lower surface is not yet clear. 
Some factors that may influence rate or total amount of absorption include: 1) greater pubescence on the 
lower leaf surface, which increases the effective amount of surface area to which the material may adhere; 
2) slower evaporation and/or photodegradation of the material due to sheltering from sun and wind; and 
3) greater amonnt of stomates through which there may be preferential penetration of material. 
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Fig. 1 The translaminar activity of Agri-Mek in apple foliage 
as determined by Twospotted spider mtte mortality. 
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II. Pome Fruits 
d. Chemical control 

1. Twospotted spider mite (Tetranychus urticae ); apple and pear. 

Astrid H. Andersen and Elizabeth H. Beers 
Tree Fruit Research and Extension Center 

Washington State University 
1100 N. Western Ave. 

Wenatchee, WA 98801 

Differential Mortality of Twospotted Spider Mite on Various Cultivars of Apple and 
Pear after Treatment with Agri-Mek. 

Site and method description. 
The study was performed in _an eight year old apple rootstock trial block and a mature 
pear orchard at the Tree Fruit Research Center in Wenatchee, Washington. The apple 
cultivars used were 'Smoothee' (a strain of Golden Delicious), 'Redchief (a strain of red 
Delicious) and 'Granny Smith'. The apple cultivars were all on EMLA 7 rootstock. The 
pear cultivars used were 'd'Anjou' and 'Bartlett'. One or two trees of each cultivar were 
sprayed 26 July with Agri-Mek 0.15EC 11 g ai/acre plus 0.25% Volek Supreme Oil. The 
trees were sprayed with a handgun sprayer at 350 psi to the point of drip. Trees of the 
same cultivar, rootstock and vigor were left unsprayed and used as checks. 

The residues were bioassayed at 7, 14, 21, 28, 35, and 49 days after treatment. 
One leaf was collected from the middle_ part of ten shoots from each treatment on each 
bioassay date. A 2-cm leaf disk was cut from each leaf and floated in a jelly cup with 
distilled water and cottom, the bottom surface facing up. Ten adult female TSM were 
transferred to each leaf disk and evaluated for mortality after 72 h at 24 °C. Dead and 
moribund mites were classed as dead, and mites that were not found on the leaf disk were 
not included in the analyses. Replicates with less than five mites found on the disk at 
time of evaluation were also excluded from the analyses. Treatment mortality data were 
corrected for check mortality with Abbott's formula .. 

Differential efficacy on different cultivars. 
Of the apple varieties residual activity of Agri-Mek tended to be best on 'Granny 

Smith', intermediate on 'Redchief and poorest on 'Smoothee'. Of the pear cultivars the 
residual activity were consistently higher on 'd'Anjou than on 'Bartlett'. 

The study indicate that the efficacy of Agri-Mek for mite control can vary when 
applied to these cultivars. The results also indicate that when studies of efficacy of Agri­
Mek are interpreted, caution should be taken when using data from different cultivars. 
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I. Grapes-(Pome Fruits) 
a. Chemical Control 

1. Grape Mealybug (Pseudococcus maritimus) on Table Grapes (Vitis Vinifera) 

Walter Bentley, Jason Kosareff, Donald Luvisi 
University of California Cooperative Extension 
1031 S. Mt. Vernon Avenue, Bakersfield, CA 93307 

A series of insecticide trials were established in 1993 to evaluate both insecticide, timing, and gallonage 
in managing grape mealybug in table grapes. Two of these trials are reported herein. 

A series of treatments were applied to Superior Seedless table grapes (plots were 2 rows wide and 50 vines 
long) and Thompson Seedless table grapes (1 row and 100 vines long). Treatments were replicated 4 
times. 

lnfestation was determined at harvest by sampling 25 bunches touching the vine trunk. Superior Seedless 
was harvested on July 12, 1993, and the Flame Seedless harvested on August 3, 1993. 

The results of the Superior Seedless trial showed each of the treatments significantly reduced infestation 
over the untreated. The dormont oil application was not different from either the untreated or the 
organophosphate treatments. 

The results of the Thompson Seedless trial showed each of the treatments with Lorsban was significantly 
better than Guthion WP treatments, the Volek oil treatments, and the untreated. The untreated was no 
different from Guthion treatments or the oil treatment. 

THE EFFECTS OF VARIOUS INSECTICIDE TREATMENTS THE EFFECTS OF DELAYED DORMANT 
ON INFESTATION OF GRAPE MEALYBUG INSECTICIDE TREATMENTS 

Superior Seedless July 123, 1993 ON 
Walt Bentley, Jason Kosareff, Don Luvisi INFESTATION OF GRAPE MEALYBUG 

THOMPSON SEEDLESS 8/3/93 

I Material I Rate/ Acre I Gallonage I Date I A verage/25! I W. Bentley, J. Kosareff, D. Luvisi 

Lorsbanlll4E 2 pis 300 3/3/93 2.00a 

Lorsbanill4E 4 pis 300 3/3/93 2.S0a 

Lorsbanlll4E 2 pis 200 511193 1.50a 

Untreated 7.00 b 

I 
MATERIAL I ~~~ii.RE I A VERAGE/25! I 

Lorsban®4E 4 pis 1.Sab 

Lorsban114E and 2 pis 300 3/3/93 2.75a 
Supreme Oil 2 gal 

Lorsbanlll4E and 4 pis 300 313193 1.S0a 

Lorsbao•4E 8PTS 1.0A 

Lorsbanill4e 4 pis 4.0b 
Supreme Oil 2 gal 

Supreme Oil 2 gal Lorsban°4E 8 pis 2.0ab 

Guthion11 2L 6 pis 300 3/3/93 2.00a Supreme Oil 2 gal 

Guthion*2L and 6 pis 300 3/3/93 1.25a Guthion 50WP 3 lbs 22.3 cd 

Supreme Oil 2 gal Guthion 50WP 3 lbs 21.0 C 

Volek Supreme Oil 2 gal 300 3/3/93 4.25ab Supreme Oil 2 gal 

Lorsbanlll4E 4 pis 150 3/3/93 2.75a Supreme Oil 2 gal 23.8 cd 

Lorsbanlll4E 8 pis 150 3/3/93 2.75a Untreated - 25.0 d 

Lorsbanlll4E and 4 pis 150 3/3/93 2.25a 25 bunches selected from 20 to 25 vines. 
Supreme Oil 2 gal Bunches touching bark near cordon treatments 
25 Bunches selected from 20 to 25 vines. Bunches touching bark or replicated 3 times. 
near cordon. 

!Treatments followed by the same letter not 
!Treatments followed by the same letter not significantly different significantly different (P<0.05) using FISher's 
P<0.05 using Fisher's protected LSD. protected LSD. 
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II. Pome Fruits 
a. Chemical control 

1. Pear psylla, Bartlett pear 

Rachel Elkins 
u.c. Cooperative Extension 
Lakeport, CA 

William Steinke 
Dept. of Agricultural Engineering 
University of California 
Davis, CA 

To learn the effects of lowering tree height and summer 
suckering on pesticide deposition and pest control, a trial was 
initiated in 1992 in a 9' X 14' hedgerow planting in 
Kelseyville, California. Height lowering treatments were 
replicated 4 times in a randomized complete block to 4 row x 26 
tree plots. They included: dormant topping from 14' to 12', 
post-harvest topping to 12' and no topping. Half of each plot 
(4 rows x 13 trees) was summer-suckered in both 1992 (late 
June) and 1993 (early July). 

In 1993, droplet deposition and pear psylla (PP) were measured 
in conjunction with two pesticide applications in May (1st 
cover azinphosmethyl) and July (avermectin). In addition, a 
final shoot sample was taken in October to evaluate PP status 
going into the fall. 

Pesticide deposition - Samples of leaves and twigs were taken 
following two pesticide applications, May 20 and July 15. 
Samples were taken at approximately 1.2m and 3m above ground 
from the edges of the tree at the points closest to the 
"middles" between rows and in the center of the rows. Opposite 
sides were then combined into one sample per tree with two 
trees sampled per block. The two heights by two sides, 
designated N and W for North-South middles and East-West in-row 
samples respectively, were taken for each treatment. They were 
placed into glass jars in the field, returned to the Davis 
Campus and frozen until analysis. Surface area of the leaves 
and twigs was measured and used to convert results to a mass 
per total surface area basis. 

The May 20 application showed statistically significant 
differences at the 5% level (LSD). Of the 24 treatments, 11, 
all from the 3m location, showed significantly higher deposits 
(Table 1). 
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TABLE 1: DROPLET DEPOSITION - (PARTIAL DATA SET) 5/20/93 
Deposit YS.tcm2 

o.55 a -
0.41 

Treatment 
APHN 
APHW 
AYHN 
AYHW 
BPHN 
BPHW 
BYHN 
BYHW 
CPHN 
CPHW 
CYHN 
CYHW 

0.53 a 
0.51 a 
0.56 a 
o.52 a 
0.52 a 
0.48 a 
0.62 a 
0.53 a 
0.52 a 
0.51 a 

A= post harvest machine top to 12 feet 
B = grower dormant prune to 14 feet 
c = dormant machine top to 12 feet 
P = summer suckered 
Y = not summer suckered 
H = sample taken from approximately 3m high 
L = sample taken from approximately 1.2m high 
N = North and south sides of the trees (rows ran east-west) 
W = West and east sides of the trees 

Treatment differences were also found when combining all four 
locations at each height into one sample and when combining all 
pruning strategies and looking at PH vs. PL vs. YH vs. YL 
values. At this stage of the season, with this sprayer setup, 
operated in this manner, a significant difference in pesticide 
deposit could be found across the pruning strategies. 

July 15 data differed from May 20. Of all sample locations on 
July 15, three locations had a significantly lower deposit: 
AYHN, AYLN AND AYLW. All other sample differences were 
insignificant. No differences were found among heights or 
location. Thus, variation in deposition found May 20 was not 
found July 15. 

In conclusion, there can be statistically significant 
variations in pesticide deposit depending on pruning strategy 
for a given sprayer setup and the distribution of pesticide 
deposits within a pear tree can change over the season as the 
target tree changes shape and density. 

PP distribution - Only top shoot samples are reported. There 
was no significant difference among treatments or blocks in the 
pre-treatment sample (5 shoots per plot) taken May 4 (O 
infested shoots per plot in all cases except one). There were 
also no differences either before (20 shoots) or after (5 
shoots) the July avermectin spray. In October, there were no 
differences among topping treatments, but there were between 
the summer suckered (SS) plots. Because results were consistent 
through the entire block, data was analyzed by paired t-test 
(Table 2). 
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Table 2. PP Levels - 10/8/93 

no. pp on no. PP on 
20 shoots 60 leaves 
(p = .03) (p = .04) 

SS(P) 115 17 
NSS(V) 71 8 

Results indicate a large late season build up of PP in August 
and September. Suckered trees, despite many less current­
season shoots, harbored 62% more PP nymphs than non-suckered(NSS) 
shoots, regardless of improved droplet deposition. This 
increase may be due to an equal number of late season adults in 
each plot forced to utilize less succulent leaf surface area in 
the July-suckered plots. Also, plot size, though adequate for 
coverage tests, may have been too small to affect adult 
movement. Although few overall, there were also more European 
red mites present in the suckered plots. 



IL Pome Fruits 
d. Chemical control 

· Pear psylla (PP): Cacopsylla pyricola .(Foerster) 
Pear rust mite (PRM); Epitrimerus pyri (Nalepa) 
Grape Mealybug (GMB); Pseudococcus maritimus (Ehrhorn) 

Everett Burts 
WSU-Tree Fruit Research & Extension Center 

PEAR, INSECTICIDE EVALUATIONS, 1993: Mature 'Bartlett' pear trees were sprayed 
with handguns operating at 600 psi to evaluate pesticides for control of pear pests. Plots 
consisted of 5 single-tree replicates in randomized block design. All treatments except the 
Mitac formulations were applied three times during the post-bloom period, 13 May, 17 Jun 
and 16 Jul. Mitac formulation plots were sprayed on the first two dates, 13 May and 17 Jun. 
Treatments were evaluated for PP control by counts made at 2-wk intervals. Adult PP were 
counted from a 5 beating-tray sample per replication. PP nymphs were counted from a 25-
leaf sample per replicate. Samples through 9 Jun consisted of fruiting spur leaves, those 
during the remainder of the season consisted of the proximal leaf, distal leaf and 3 leaves 
from the middle of 5 terminal shoots. Leaves were brushed and resulting slides were 
examined under 10 X magnification. Fruit damage by insects and mites was rated according 
to US grade standards for fresh market 'Bartlett' pears on 2 samples of 25 mature fruits per 
replication. Factors of fruit quality including firmness, soluble solids and size were evaluated 
from 2 10-fruit samples per replicate at normal harvest maturity. Fruit and foliage were 
examined for phytotoxicity after each spray. 

PP populations in the test orchard were more dense than those normally encountered in 
commercial orchards because no prebloom treatments were applied. BAS 300 and Mitac CR 
19073 counts of PP adults and nymphs were consistently as good as the standard treatment 
(Agri-Mek plus oil). Stalker has performed well against PP in past year's tests but by mistake 
I applied this material on 13 May and 17 Jun at a concentration much below that suggested 
by the developer, American Cyanamid Co. CGA 215944 and Mitac CR 16055 did not 
perform well in this test against PP. CM, SJS and spider mite densities were too low in the 
test orchard to adequately test effectiveness of the materials. GMB density was moderate and 
in this trial only Mitac CR 19073 provided good reductions in calyx infestation by this pest. 
Stalker, although applied at a low concentration, was the second most effective material 
against GMB. Although there were significant differences in means for fruit firmness and 
weight, these differences are probably not economically significant except for the low fruit 
weight in the check plot which reflects the season-long high density of PP. 
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Rate PP adults 11er 5 trays 
Form./100 

Treatment gal 18 May 1 Jun 14Jun 30 Jun 12 Jul 26 Jul 9Aug 
Stalker 24.5% F !OmJI 

Sun Spray oil 2 qt 3.5cd 8.7cd 12.8cd 4.4bcd 8.9b 8.0ab 13.6cde 
Stalker 24.5% F 20mJ2 

Sun Spray oil 2 qt 2.9bcd 7.lbc 8.9abcd 4.2abc 7.7b 6.6ab 8.9abc 
CGA 215944 50% W 128 gr 4.2d I0.9de IO.Obed 7.2d 7.9b 8.lab 18.2ef 
BAS 300 121 gr l.6abc 3.7ab 8.0abc l.6ab 3.0a 3.3a 1 l.4bcd 
BAS 300 242 gr 1.2ab 2.6a 6.2ab 1.2a 1.6a 3.7a 4.5a 
Mitac CR 16055 50% W 24 oz 3.3bcd 13.4e 13.ld 6.5cd 9.4b 15.6b 16.0def 
Mitac CR 19073 50% W 24 oz 2.0abc 6.2abc 7.2ab 3.lab 4.0a 8.9ab 10.0bc 
Mitac CR 19073 50% W 12 oz 2.0abc 7.3bcd 6.8ab 3.2ab 3.0a 8.8ab 8.6abc 
Agri-Mek .15 EC 5 oz 

Sun Spray oil 1 qt 0.16a 3.0a 4.2a l.9ab 2.8a 5.9ab 7.0ab 
Control no s11ray 9.5e 38.8f 52.2e 26.0e 39.2c 68.3c 19.6f 
Means within columns followed by the same letter are not significantly different (P= 0.05; Fisher's protected LSD). 

Rate 

Treatment Form./100 _gal 
Stalker 24.5%F 10 mJI 

Sun Spray oil 2 qt 
Stalker 24.5% F 20 ml2 

Sun Spray oil 2 qt 
CGA 215944 50% W 128 gr 
BAS 300 121 gr 
BAS 300 242 gr 
Mitac CR 16055 50% W 24 oz 
Mitac CR 19073 50% W 24 oz 
Mitac CR 19073 50% W 12 oz 
Agri-Mek .15 EC 5 oz 

27 Ma_y 

5.2ab 

5.2ab 
19.6c 
3.2ab 
0.8a 
8.8b 
1.2a 
3.6ab 

9 Jun 

7.2b 

2.4a 
11.2b 
0.4a 
O.Oa 

10.4b 
2.4a 
2.0a 

PP nym11hs 11er 25 leaves 

21 Jun 

5.6bc 

5.2abc 
12.4de 
0.8ab 
O.Oa 

15.2e 
l.6ab 
7.2cd 

6 Jul 

24.0abc 

8.8ab 
29.6bc 

O.Oa 
0.8a 

51.2c 
2.0ab 
0.8a 

19 Jul 

6.0ab 

4.0ab 
14.8b 

1.2a 
O.Oa 

35.2c 
1.2a 
1.6a 

2Au_g 

2.4ab 

O.Oa 
11.2b 
O.Oa 
0.4a 

26.4c 
2.4ab 
7.6ab 

Sun Spray oil 1 qt 0.4a 0.4a 0.8ab 2.0ab O.Oa 1.2a 
Control no s11ray 60.0d 30.0c 112.0f 264.4d 175.6d 29.2c 
Means within columns followed by the same letter are not significantly different (P= 0.05; Fisher's protected LSD). 
1 The rate on 16 Jul was 150 ml/100 gal. 
2The rate on 16 Jul was 300 ml/100 gal. 
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Rate Percent fruit damaBe from eests listed Fruit Qualiti 
Form./100 pp pp GMB Fruit Mean 

Treatment ~al US2 Cull CM SIS PRM in cal:)'.x firmness g/fruit 
Stalker 24.5% F lOmJI 

Sun Spray oil 2 qt 10.4b 2.8a 0.4ns 0.8ab 0.8a 13.2ab 17.7d 205def 
Stalker 24.5% F 20ml2 

Sun Spray oil 2 qt 5.2ab 2.8a o.4 0.8ab 0.4a 10.4ab 17.7d 192b 
CGA 215944 50% W 128 gr 28.0c 4.0a 0.0 l.3ab 3.lb 22.4ab 17.7d 199bcd 
BAS 300 121 gr 2.8a 0.4a 0.4 0.4ab 0.0a 48.8cd 17.3ab 208ef 
BAS 300 242 gr 6.0ab 3.2 0.0 0.8ab 0.0a 64.4d 17.6cd 210f 
Mitac CR 16055 50% W 24oz 18.4c 4.4a 0.6 2.0b 0.4a 69.2d 17.6cd 200cd 
Mitac CR 19073 50% W 24oz 0.4a 0.0a 0.0 0.0a 0.0a 1.2a 17.4bc 206def 
Mitac CR 19073 50% W 12 oz 3.6a 0.4a 0.0 0.0a 4.4b 0.4a 17.2a 202cde 
Agri-Mek .15 EC 5 oz 

Sun Spray oil 1 qt 0.0a 0.0a 0.0 0.4ab 0.0a 21.6a 17.3ab 197bc 
Control no sera:)'. 37.0d 37.2b 0.4 2.0b 3.2b 30.8bc 17.9e 165a 
Means within columns followed by the same letter are not significantly different (P= 0.05; Fisher's protected LSD). 
1The rate on 16 Jul was 150 ml/100 gal. 
2The rate on 16 Jul was 300 ml/100 gal. 



IL Pome Fruits 
d. Chemical control 

1. Twospotted spider mite (TSM), Pear 
2. Pear psylla (PP) 
3. Codling moth (CM) 

Philip VanBuskirk and Richard Hilton 
Oregon State University 

Southern Oregon Experiment Station 
Medford, Oregon 97502 

PEAR, EVALUATION OF AC303,630, 1993: The evaluation was conducted in a 1. 7 acres 
pear block consisting of 5 varieties including Bartlett, D' Anjou, and Bose, planted in a 
randomized block. The orchard block was divided into 5 treatments, replicated three times in 
a randomized block design. Applications of AC 303,630 plus .5% Orchex 796 Spray Oil were 
made 27 May, 24 June, and 28 July using an air-carrier sprayer set to deliver 200 gal/acre. 
AC 303,630 performance was compared to a standard spray program consisting of: 27 May 
Agri-Mek .15 EC (20 oz/ac), .25 % Orchex 796 Spray Oil and Guthion 35 WP (3.5 lb/ac); 24 
June, Guthion (3.5 lb/ac); and 28 July, Mitac 50 W (3 lb/ac) and Guthion (3.5 lb/ac). 
Densities of PP immatur and TSM were estimated bi-weekly by randomly selecting 8 mature 
and 8 new leaves from each of two varieties (D' Anjou and Bose) for a total of 16 
leaves/replicate/variety. Leaves were brushed and the stages and numbers of each species were 
determined with the aid of a dissecting microscope. Adult PP and predators were counted from 
a 4-beating tray sample per replicate. Codling moth damage was evaluated at the end of the 
first CM generation and at harvest by collecting 50-100 fruit per replicate and determining 
percent larval entry. 

Populations of PP and TSM were generally lower on Bose than on D' Anjou, but the results 
were similar. Seasonal control of TSM and PP indicated no differences between the three rates 
of AC 303,630 tested and the standard spray program. Data does indicate an increase in 
control of PP immatures and adults as the rate of AC 303,630 increased. This rate response 
was not seen in the TSM data, possibly due to the low initial TSM population. There were 
also no differences between any of the rates of AC 303,630 tested and the standard treatment 
with respect to predator populations. The standard Guthion program was more effective in 
control of CM than AC 303,630 on Bartlett, the most susceptible variety. In summary, a 
seasonal program of AC 303,630 controlled PP and TSM as well as a standard spray program, 
but did not maintain CM damage below the commercially acceptable level of .5%. 
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tnj~ m1 ~ QlLE R:st--01i:xvcnics ~ leaf 
pee- Sees:ral 

Treatrrent farm. /acre - 3 J\m 16 Jun l Jul 14 Jul 27 Jul 121:i,E 26t!g ~ 

AC. 303, 630 292 gg; 4.9 oz. 0.0 o.o a o.o a o.o a 0.1 a 0.2 a 0.2 a 0.1 a 0.1 a 
Orctex 796 spray oil 47.9 oz. 

AC. 303, 630 29: gg; 9.8 oz. 0.0 0.0 a 0.0 a 0.0 a a.a a o.o a 0.0 a a.a a o.o a 
Or'c:tex 796 spray oil 47.9 oz. 

AC. 303,630 29:: gg; 14.7 oz. o.o o.o a a.a a 0.0 a a.a a 0.2 a 0.0 a 0.1 a 0.0 a 
Orctex 796 spray oil 47.9 oz. 

Stardard ProJram o.o 0.0 a a.a a 0.0 a 0.0 a o.o a 0.3 a 0.5 ab 0.1 a 

o:ntrol o.o o.o a o.o a 0.5 £ 1.9 a 0.1 a 0.5 a 0.9 b 0.6 b 
MsErG within a colt.nm follo,,e::i bj tte sarre letter are n::± signi£icantly different (Ft=0.05 Fisrer's prota:::t.ed I.ID). 
ca.ta W2re SJbje.::ta:l. to \/x+G.5 transfarnaticn fer statistical ara..lysis. N::rrt:rarsfama:i nears are presente:i fac 
o::np3ris:x1. 

Anja.l-M2an PP ~ glus Nvm:hs J;§;: l.e'if 
pee- Sees:ral 

'I);eatITent farm. /acre treatrrent 3 J\m 16 Jun l Jul 14 Jul 27 Jul 121:i,E 26 Aul ~ 

AC 303,630 292 gg; 4.9 oz. 2.3 1.6 a 1. 5 b:: 1.3 ab 0.2 a 1.2 ab 0.7 a l.Oa 1.1 a 
Orch2x 796 spray oil 47.9 oz. 

AC 303,630 29: gg; 9.8 oz. 2.9 2.3 a 0.7 ab 0.1 a 0.4 a 1.5 ab 0.7 a o.s a 0.9 a 
Orctex 796 spray oil 47.9 oz. 

AC. 303, 630 292 gg; 14.7 oz. 2.0 3.3 a 0.1 a 0.4 a 0.0 a 0.8 a 0.2 a 0.4 a o.s a 
Orctex 796 spray oil 47.9 oz. 

Stardard ProJram 2.0 2.6 a 0.5 ab 0.5 a 1.1 ab 4.8 tc 0.4 a 0.3 a LS a 

o:ntrol 2.3 5.8 a 2.5 c 2.2 b 2.7 b 6.7 b 5.6 b 2.7 b 4.0 b 
Mears within a mlurrn folla,.e::l bf tte sarre letter are n:::,t signiliomtly different (P=0.05 Fisrer1s prota::te:l ISJ). 
Ce.ta ...ere SJbje:::ted. to \/x+G.5 transforrraticn far statistical ara.lysis. N:::ntrarsfame:i nears are presente:i far 
a:rtplris::n. 

Anjru~ FP 1d.llts m: 10 Tar::s 
pee- Sees:ral 

Treatrrent form. [acre treatrrent 2 J\m 9 Jun 22 Jun 7 Jul 20 Jul 81:i,E 27 ~ ~ 

K 303,630 2SC !llm 4.9 oz. 2.7 D.2 a 1.1 ab 5.5 a 2.J a 5.4 ab 6.1 C 5.4 a J.7 a 
Orct:ex 796 s;n:ay oil 47.9 oz. 

PC 303, 630 2SC gg; 9.8 oz. 5. 7 0.3 a 2.1 b:; 7.8 a 2.0 a 4.J a 2.9 b 4.0 a J.3 a 
Orct:ex 796 spray oil 47.9 oz. 

PC 303,630 2SC gg; 14.7 oz. 1.9 0.3 a 0.8 a 1.8 a 0.8 a 3.0 a LB ab 3.5 a 1. 7 a 
Orct:ex 796 spray oil 47.9 oz. 

Stardard Prograr, 2.8 O.J a 0.5 a 1.9 a 6.7 a 14.5 b:; 0.7 a J.1 a 4.0 a 

o:ntrol 3.7 2.0 b 2.3 C 4.6 a 20.2 b 24.0 C 9.0 C 5.8 a 9.7 b 
M2ar6 with.in a colurrn follc,...ed bf the sarre letter are rot signi£icantly cti£ferent (8'-0. 05 Fi.sher' s prote:::te::i ISJ) . 
r:ata ~ subje::::t.ed to \fX+G.5 transforrraticn far:- st.atistical arelysis. N:::ncransfarrre:::l. nears are presente:i far 
o:trp3ris::in. 
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Anjru-M::xm Preda.tars ~ 10 Tuns 
pre- Seas:n,.1 

'Ireabrent farm. /acre - 2Jclll 9 Jun 22 Jun 7 Jul 20 Jul 8/gJ 27 ALg Moan 

Pt::. 303,630 2s::. rug; 4.9 oz. o.o a.a a 0.8 a 0.8 a a.a a 1.7a 0.8 b 6.7 ab L7a 
Orchex 796 spray oil 47.9 oz. 

'PC 303, 630 2s::. rug; 9.8 oz. 0.0 0.0 a a.a a a.a a 0.0 a 0.0 a 0.0 b 0.0 b 0.2 a 
Orchex 796 spray oil 47.9 oz. 

U::. 303,630 2SC rug; 14.7 oz. o.o o.o a o.o a o.o a 0.8 a o.o a 0.8 b o.o b 0.2 a 
orct:ex 796 spray oil 47.9 oz. 

stardard Prcgram 0.0 o.o a 0.8 a a.a a 0.0 a 0.0 a 0.8 b 0.8 b o.s a 

futl.rnl o.o 1.7 a 2.5 a 1.7 a 5.0 a 5.0 a s.o a 25.8 a 6.7 b 
!-mrS with.in a rolurrn fol..lcx.e1 bf the sarre letter are rct. signi£icantly different (P=0.05 Fisrer's p::ote::te::i L9)). 
Ce:ta ...ere SJbjecte:l to yx+o.s t:ransfarnatim far statistical ara.lysis. N:::ntransfame:l rreans are presenta:j for 
o:rrprris:n. 

Percent Ccdlina Moth Darnaae 
Fj,J;:§t Generation (23 Jul) Second Generation (26 AQ9) 

Treatment form. /acre Bartlett Anjou Bartlett Anjou 

AC 303,630 2SC plus 4.9 oz. 10. 7 C l.Ja 18. 3 b::: 3. 7 b 
Orchex 796 spray oil 47.9 oz. 

AC JOJ,630 2SC plus 9.8 oz. 2. 7 b 1.Ja 8. 7 b 2.0 ab 
Orchex 796 spray oil 47.9 oz. 

AC 303,630 2SC plus 14.7 oz. 2.4 ab 2.0 a 6.7 b 1.3 ab 
Orchex 796 spray oil 47.9 oz. 

standard Pro:;ram 0.0 a o.o a o.o a 0.3 a 

Control 30.0 d 10.0 b 36.0 c 28.0 c 
Means within a column follc:Med by the same letter are not significantly different (P=O. as 
Fisher I s protected ISO) . Data were subjected to arcsin transformation for statistical 
analysis. Nontransformed means are presented for comparison. 



II. Pome Fruits 
d. Chemical control 

I. Pear psylla (PP), Pear 
2. Twospotted spider mite (TSM) 

Philip VanBuskirk and Richard Hilton 
Oregon State University 

Southern Oregon Experiment Station 
Medford, Oregon 97502 

PEAR, LATE SEASON EVALUATION OF AGRI-MEK IN COMBINATION WITH 
SPRAY ADJUV ANTS, 1993: The study was conducted in an 8 year old commerical Bose 
orchard 16.9 acres in size. The orchard block was divided into 8 treatments, replicated three 
times in a randomized block design. Applications were made 8 Jul using a commercial 
air-carrier sprayer set to deliver 100 gal/acre. Densities of the PP and TSM were estimated by 
randomly selecting 10 mature and 10 young leaves 8 days post treatment and then bi-weekly, 
brushing the samples and recording the stages and numbers of each species with the aid of a 
dissecting microscope. 

PP and TSM populations were slow to respond to all Agri-Mek treatments. Three weeks 
post-treatment all Agri-Mek treatments were significantly better than the control in reducing PP 
eggs and nymphs. However, none were more effective than the standard Agri-Mek plus .25% 
oil. The control of TSM eggs three weeks following application showed no significent 
differences among Agri-Mek treatments, although all Agri-Mek plus adjuvant treatments were 
better than the control. Control of the post-embryonic stage of the TSM three weeks following 
application showed that only Agri-Mek plus LI 700 and the Agri-Mek plus Sylgard were as 
effective as the standard Agri-Mek and oil. When eggs and post-embryonic stages of the TSM 
are combined three weeks post application, only Agri-Mek plus oil and Agri-Mek plus LI 700 
were below the retreatment threshold of 2 per leaf. While the two Agri-Mek plus M-Pede 
treatments were not different from the control on 27 Jul in controlling the post-embryonic stages 
it should be pointed out that both treatments received only 10 oz of Agri-Mek compared to the 
20 oz rate in the other Agri-Mek treatments. High numbers of PP and TSM in the plot required 
terminating the trial 4 weeks post-treatment. 
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Hean pp Eggs per Leaf Hean pp Nymphs per Leaf 
Rate pre- pre-

Treatment; fonn. lacre treat[[lent 16 Jul 27 Jul treatCllent 16 Juj 27 Jul 

Agt"i-Mek . l5 EC ~ 20 CL 2 . 1 0.9 ab o.) a 1. 8 0.5 a 0.' ab 

LI 100 16 CL 

Agri-Mek . 15 EC ~ 20 o, . 1.' 0. 8 a 0. 8 a 1. 2 o.s a 0.' ab 
s i l ...,et L17 (SS) 6 o,. 

Agd-Hek . 15 EC plus 20 o,. J.' 0. 6 a 0. 2 a 1. 7 o.s a 0. 2 ab 
Kinetic (SS) J. s o,. 

Agr i-Hek . l 5 EC 2-.!J& 10 CL 2.2 0.' a 0. J a 2.2 0.5 a 0. J ab 
M-Pede " EC 64 CL 

Agri-Mek . 15 EC plus lO o,. 2. J l.O ab 0.' a l.J 0. 7 a 0.9 bd 
M-Pede " EC l28 o,. 

Agri-Mek l5 EC ~ 20 o,. 2. 1 l. J abc 1.0 a 2 . 9 0.6 a 0.' ab 
Sylgard 2 02 

Agri-Mek . l5 EC plus 20 o, J. 0 2.' C 1. 6 a 1. 7 l.O a 0. 2 a 
Orchex 7'6 spray oil )2 o,. 

Control 2 . 0 2 . be '. 7 b 0.8 0.9 a 1.5 C 

Means "'ithin a column fol lo...,ed by Che same letter are not significantly different ( P,.0. OS 
·Fisher's protected LSD). Data ,.,.ere subjected to ~ tr-ans formation for statistical 
analysis. Nontransformed means ace presented for comparison. 

Hean TSH gggs .,,-,r Leaf Hean TSH Post-E:m.baonics .,,-,r Leaf 
Rate pre- pre-

I!;:eatment form. tai::;re treatment 16 Jul 27 Jul treatJn~nt 16 Jul 27 Jul 

Agr:i-Mek . l 5 EC el..\!.., 20 o, l). 1 2. 1 a 0. 2 a 7 . 2 ) . 0 a l. 6 ab 
LI 700 l6 o,. 

Agri-Mek . l 5 EC ~ 20 o, 2. J J . ' a 0. ) a J. 0 <.1 a 5. 2 bed 
Sil wet L71 ( SS) 6 o,. 

Agri-Mek l$ EC el..\!.., 20 o,. ' . 2 2.6 a 0.' a 2. ' 6. 2 a ,., bC 
Kinetic (SS) J . 5 o,. 

Agri-Mek . l 5 EC ~ lO OL J. 5 J. s a 0. 6 a 1 . 0 5.2 a 6.8 cde 
M-Pede " EC 64 o,. 

Agri-Mek l5 EC ~ lO a, 9 . 1 2. S a 0 . ' a 8. 9 1 . J a \\. J de 
M-Pede " EC 128 o, 

Agr i-Mef: 15 EC el..\!.., 20 o, ' . 7 l . 2 a 0. l ' 4.6 2 . 7 a ' 0 a be 
Sylqard o, 

Agr 1-Met: 
. " EC ~ 20 a, 5 5 ,.o a 0.0 ' 5 ' ' 7 a 0 G a 

Orchex 7S6 spray oil. l2 oz. 

Control J . 0 a . ' • ' 6 
b 2 . 9 7.) a 1 ) . 2 e 

Means \,q t.hln a column fol lo..,ed t)y i:_t1e same letter are noc s1gnlf1cantly different (P=0.05 
fi.sher's protected LSD). oa ta '--'ere subjected co ~ transformation [oc st:at i st 1ca 1 ana lys1s 
Nontrnns(ormed means ace preser1t.ed foe comp.arisen. 



II. Pome Fruits 
d. Chemical Control 

Pear Psylla, Pear 

Richard Hilton and Peter Westigard 
Oregon State University 
Southern Oregon Experiment Station 
Medford OR 97502 

Prebloom Evaluations of Fenoxycarb and Danitol for Pear Psylla Control--Mature pear trees were 
sprayed with airblast equipment set to deliver 200 gal/acre of finished spray. Treatments were made to 
3, 0.3--0.5 acre replicates of mixed pear cultivars. The pyrethroid insecticides, Asana and Danitol (two 
formulations), were applied at the delayed dormant timing (Mar. 13) in combination with Orchex 796 
spray oil. Three treatments of the insect growth regulator (IGR) fenoxycarb were made; delayed 
dormant, pink (April 5) and both delayed dormant and pink. Adult PP densities were evaluated biweekly 
by counting the numbers falling onto a catching frame following tapping of 5 limbs/rep/date. Depending 
on bud development PP immatures were recorded from fruit spurs (10/rep), fruit clusters (5/rep) or from 
fruit cluster leaves (30/rep). 

Delayed dormant treatments with the pyrethroid chemicals Danitol and Asana resulted in a rapid 
reduction in PP adults averaging about 98 % compared to pretreatment densities (Table !). Subsequent 
levels of immature PP were also low with nymphal densities on May 4 averaging 0.4/leaf compared to 
4.5/leaf in the untreated check. There was no significant difference between the two formulations of 
Danitol tested (Table 1). Fenoxycarb treatments produced no direct reduction in PP adult densities and 
while most eggs appeared normal they did not hatch. In two of the fenoxycarb treatments, the delayed 
dormant and the delayed dormant-pink timings, there were significantly more PP eggs on May 4 than in 
either the check or the pink fenoxycarb timing. Conversely, the levels of PP nymphs on May 4 were 
significantly lower in the delayed dormant and delayed dormant-pink fenoxycarb timings than in the check 
and pink fenoxycarb timing (Table 1). There was no significant difference in eventual nymphal densities 
as recorded on May 4 between fenoxycarb treatments applied solely at delayed dormant and those applied 
at this timing and at pink bud. Also there was no significant difference in PP densities between the 
untreated check and fenoxycarb applied just at the pink period (Table 1). 

Table 1. Prebloom control of pear psylla with experimental insecticides. Mixed pear cultivars. 
Treated Delayed Dormant (DD) March 12, Pin~ Bud (P) Aprils, 1993. Medford, Oregon. 

Treatment and 
rate AI/acre 

Spray 
Timing 

Danitol 2.4 EC 0.4 lb DD 
+ oil 4 gal. 

Danitol 10 W 0.4. lb. DD 
+ oil 4. gal. 

Asana 0.67 EC 0.075 lb. DD 
+ oil 4 gal. 

Fenoxycarb 25 W 2 ozs. 

Fenoxycarb 25 W 2 ozs. 

Fenoxycarb 25 w 2 ozs 

Untreated 

DD 

DD+P 

p 

Average no. pear psylla adults/5 trays (A/ST), nymphs or eggs/cluster 
{E or N/Cl) or eggs or nymphs/5 leaves (E or N/SL). 

March 10 March 19 April 1 April 20 
A/ST E/Cl A/ST A/ST E/51 N/Cl 

17.7a 18.Sbc 0.3a 

15.0a 22.ac o.oa 

49.0c 20.Sbc 1. 7a 

30.3abc 11.3a 30.7b 

34.0bc 17.4abc 30.3b 

26.7ab l.1.8a 31.7b 

25.3ab 14.lab 43.3b 

0.3a 0.3a 

1.3a o.oa 

2.7a 3.0b 

29.7b 15.oc 

33.3b 13.0c 

29.0b 11.3c 

30.7b 12.7c 

1.2a l.Oa 2.0ab 

1.0a o.sa 3.Sab 

6.lb 2.0a 1. Sa 

3.Sab 59.0c 6.0b 

2.9ab 63.0c 4.0ab 

36.0c 47.Sbc 14.0c 

30.lc 32. Ob 22.Sc 
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Means within a column followed by the same letter are not significantly different (P=0.05 Fisher's 
protected LSD). Data were subject to x+0.5 transformation for statistical analysis. Nontransformed means 
are presented for comparison. 
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n. Pome Fruits 
d. Chemical control 

Codling Moth, Pear 

Richard Hilton and Peter Westigard 
Oregon State University 
Southern Oregon Experiment Station 
Medford OR 97502 

Timing of Horticultural Spray Oil for Codling Moth Control--
This test was conducted to find the optimal timing for applications of horticultural spray oil, for 
control of 1st generation codling moth (CM), if three applications are made. Mature Bartlett 
trees were used, six single-tree replicates were sprayed with a 1 % oil concentration to run-off 
with a hand-gun application. All sprays were timed using the CM phenology model. In three 
of the treatments, the applications were spaced 200°n apart, but the sprays were initiated at 
different times after CM biofix. In terms of 0 n after biofix, the timing of sprays in these 
treatments were: 1) 200, 400, 600; 2) 250, 450, 650; 3) 300, 500, 700. In the other three 
treatments, the first two sprays were only I00°n apart. In these three "back to back" treatments 
the spray timings were: 1) 200, 300, 600; 2) 250, 350, 650; 3) 300, 500, 700. In the same 
block of Bartletts, groups of 6 and 4 trees were sprayed with Guthion twice during 1 '' 
generation, or left unsprayed as a control. These two treatments were replicated 4 times. After 
the completion of 1st generation egg hatch, fruit was sampled and evaluated for CM damage. 
In the oil timing treatments, 75 fruit per replicate were sampled, while 100 fruit per replicate 
were examined in the Guthion and control plots. 

All of the oil timings had significantly fewer 1st generation CM entries than did the 
control, but the level of control was 
significantly less than the standard two 
sprays of Guthion (figure 1). 
Although no statiscally significant 
differences were seen between any of 

Fig. 1. 

Standard 

the oil treatments, some trends were 200,4oo,600 
apparent. In the oil programs initiated '§ 
at 200 or 250 °n post biofix, the back iil 2oo,3oo,5oo 

t; 
to back treatments gave considerably :i_ 2so.4so,6so 

less control of l '' generation CM than 
did the evenly spaced timings. For 
the treatments initiated at 300°n, the 
back to back and evenly spaced 
timings yielded identical results. 
When looking at the evenly spaced 
timings, the earlier the sprays were 

" ~ 
.§ 250,350,650 
d, 
ru 
o, 300,500,700 
ru 
0 

300,400,700 

Check 

1993 Oil Timing Plot 

5 
Percent CM Infestation (1st Generation) 

initiated, the lower the l '' generation 
CM damage. 

Bars followed by the same letter are not significantly ditterenl (p=0.05: Fisher's protected LSD) 
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d. Chemical control 

Codling Moth, Pear 

Richard Hilton and Peter Westigard 
Oregon State University 
Southern Oregon Experiment Station 
Medford OR 97502 
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Mating Disruption and Supplemental Controls--This study was carried out to determine if 
codling moth (CM) mating disruption (MD) supplemented by three applications of horticultural 
spray oil through the first CM generation could provide control of all the major pear pest 
species. Alternative tactics to maintain CM control through the second CM generation were then 
compared. The two study sites consisted of: !) an on-station block of Bartlett and Anjou pear 
trees and an associated check block of Bartletts, both blocks had experienced high CM pressure 
in 1992, and 2) a commercial grower's block of Rosired and Sensation Red Bartletts on Tatura 
trellis with a history of low CM pressure. 

Site #1--At the Southern Oregon Experiment Station (SOES) Hanley orchard, a 1.2 acre 
block of 20 year old Bartlett and Anjou trees was treated with approx. 450 Shin-etsu CM 
dispensers per acre on 4/9. The prebloom spray program consisted of a dormant oil application 
and a delayed dormant application of oil and Orthorix. Since over 40% of the clusters examined 
at bloom were infested with pear rust mite, an application of sulfur was made on 4/20. Biofix 
for CM at the Hanley orchard occurred on 4/28 in 1993. Based on earlier work, the oil 
applications were timed for 450°D, 550°D and 850°D according to the CM phenology model. 
The actual oil applications went on at 403°D (5/21), 517°D (6/1) and 867°D (6/30). 
The block was divided into 9 plots; 3 treatments replicated 3 times. The three treatments made 
for control of second generation CM were: I) Dimilin at I lb/ ac applied on 7 /21, 2) Imidan at 
5lbs/ac applied 7/29, and 3) Guthion at 3.25 lbs/ac applied on 7/29. The levels of immature 
pear psylla and twospotted spider mites were sampled by leaf-brushing while adult pear psylla 
and generalist predators were sampled by limb-tapping. CM infestation levels were evaluated 
by sampling fruit at the end of first generation, 7 /21, and at the appropriate harvest date for each 
of the two varieties in the plot. A nearby Bartlett block, 1.5 ac, was used for both the check 
and the standard (i.e. 3 applications of Guthion) treatments. Two CM pheromone traps were 
placed in each block, one with a I mg lure and the other with a 10 mg lure. The traps were 
checked and rotated weekly and the lures were changed every 3 weeks. 

Site #2--In the Eden Valley Orchard (EVO) a 10 ac. block of Rosired and Sensation Red 
Bartlett were treated with 450 Shin-etsu dispensers per acre on 4/9?. The dormant spray 
program was the same as at the SOES site. Three horticultural spray oil applications were made 
during the first CM generation; 445°D (5/23), 500-575°D (6/4-7) and 760°D (6/23). For 
control of second generation CM, half the block was treated with Guthion while the other half 
received a second application of pheromone dispensers on 6/28. Two CM traps were monitored, 
one baited with a 1 mg lure and the other with a 10 mg lure. As at the SOES site, the traps 
were rotated weekly and the lures changed every three weeks. CM infestation was evaluated 
at the end of the first CM generation and at harvest. Spider mites, pear psylla, and predators 
were sampled as described above. 
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presented for both sites in table 1. The average trap catch (1 mg lures) from the standard, 
Guthion, treated areas of EVO are included for comparison. The first generation CM catch was 
generally low at EVO and very low in the MD and oil treated block with no CM damage 
observed in the first generation sample. At SOBS, moth catch in the check was very high. In 
the MD and oil treatment the trap catch during the first flight in the I mg trap was reduced by 
about 90% as compared to the check. But the catch in the 10 mg trap was only reduced by 
about 10%. This incomplete trap shutdown indicates a significant lack of mating disuption. 
Infestation levels in the check and the MD plot were 30% and 12%, respectively, after first 
generation. The bulk of the reduction in first generation CM infestation is most likely the result 
of the three oil applications. During second generation, trap catches at SOBS were virtually 
identical in the check and the MD plot signifying that the MD dispensers had run out of 
pheromone. However, the insecticide sprays held CM damage at the levels seen after first 
generation, while the damage in the check almost doubled. At EVO, no moths were caught 
during the second flight and the only damage was on the border of the area which received a 
second application of pheromone dispensers. The area treated with Guthion had less than 0.3 % 
fruit damage from leafroller whereas the area without Guthion had 2. 8 % leafroller damaged 
fruit. 

Spider mite levels were low during the first part of the season but after the application 
of Guthion (and Imidan in the case of Anjous at SOBS) mite levels increased. While this 
increase was not statistically significant in the replicated plots at SOBS, the same effect was 
observed where Guthion was applied at EVO. With regard to psylla eggs and nymphs, the only 
significant difference observed was in the Bartletts, where on the last leaf sample, 8/25, the 
psylla levels in the 
Guthion and Imidan 
plots were more 
than double the 
level observed in 
the Dimilin plot. 
This effect on 
psylla is very 
evident in the final 
adult sample, 10/7, 
where rn both 
varieties 
significantly more 
adults are present 
in the Guthion and 
Imidan treatments 
than in the Dimilin 

Table 1. 

Location 

SOES 

EVO 

SOES 

treatment. No EVo 

significant 
differences were 
seen in predator 
levels in any of the 
treatments. 

1993 Experimental Results--Mating Disruption 
and Supplemental Controls 

1st Generation CM 

Trap catch 
Treatment 1 mg 10 mg 

MD+ oil 16 

Check 
standard 

MD+ oil (3X) 1 2 

Standard 14.5 

2nd Generation CM 

MD + Dimilin 
MD + Imidan 36 12 
MD + Gutbion 

Check 37 11 
standard 

MO (reapplied) 

MD + Guthion 

Standard 3.1 
(avg. of 9 traps) 

% CM infestation 

12.3 

30.0 
1.2 

o.o 

9.0 
10.7 
8.3 

55.2 
1.8 

Q.67 
o.o 

0.0 
o.o 

(border) 
(middle) 

(border) 
{middle) 

negligible 



II. Pome Fruits 
a. Chemical Control 

1. Pear Psylla - Pears 

BRADLEY S. HIGBEE 
DAVID R. HORTON 

USDA-ARS 
Yakima, WA 

Induction of Sterility by Insect Growth Regulators 

While exploring the effects of the insect growth regulators (IGR's) fenoxycarb 
and pyriproxyfen, it was found that these compounds had a sterilizing effect on 
females that were in nearly continuous contact with treated foliage. Preliminary 
studies indicated that pyriproxifen was a more potent sterilant than fenoxycarb 
(as measured by per cent egg hatch) on post-diapause females psylla (both 2 hr 
& 24 hr exposure duration). A significant effect was produced by pyriproxyfen 
(Ppfen) after the 2 hour exposure, but lasted for a shorter period than 24 hour 
exposure (4 days vs 8 days). These studies were extended, focusing on 
pyriproxifen, to determine the possibility of attracting psylla to point sources 
of this compound. Simple tests were conducted to determine if relatively short 
duration exposures to treated filter paper could produce prolonged sterility. 
The results of these experiments showed that a 2-hour exposure to treated 
(technical grade Ppfen dissolved in canola oil and thinned with aceton_e) filter 
paper resulted in immediate and sustained sterility. 

An experimental formulation of Ppfen has become available. This new product is 
a yellow polypropylene 'tape' , or strip, in which the compound has been 
incorporated. Post-diapause winterform psylla females were held in vials lined 
either with treated tape or with vials lined with untreated tape. Both\ hour 
and 2 hour exposures caused significant sterility compared to controls (Fig. 1). 

Future efforts will determine the minimum duration of exposure sufficient to 
cause sterility. A short duration exposure (i.e., contact with the tape followed 
immediately by departure) is likely to be most consistent with psylla behavior 
in the field. Laboratory experiments will be conducted to determine whether 
these short-duration contacts with treated tape cause sterility. 
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II. Pome Fruits 
e. Pesticide resistance 

Pear psylla; Cacopsylla pyricola (Foerster): Pear 

Everett C. Burts 
WSU- Tree Fruit Research and Extension Center 

Wenatchee, Washington 

Adult, winter form pear psylla were collected from several pear orchards throughout 
North central Washington. Orchards chosen for the study included 2 experimental blocks 
at the Research Center, 8 commercial pear orchards and 1 organic pear orchard. In the 
laboratory psylla were tested by the slide-dip technique for susceptibility to several 
pesticides. They were fastened to the sticky surface of strapping tape, which was 
attached to standard microscope slides, by placing them on their backs and pressing their 
wings onto the tape. Ten adult psylla were thus fastened to each slide. Psyllid loaded 
slides were dipped in pesticide dilutions for five seconds. Treated psylla were held in 
refrigerator trays for 24 or 48 hours in 16 L:8 D photoperiod then examined for mortality 
under magnification by teasing them with a small brush and observing their response. 
Individuals that failed to either move their legs rapidly or execute typical jumping reflex 
action were classed as dead. Five serial dilutions (1:1) of each pesticide were tested on 6 
replicates. The mid-dilution in the series was equal to the field concentration for dilute 
sprays at 400 gallons per acre. Compounds tested represented 3 classes of pesticides, 
organophosphates, chlorinated hydrocarbons and pyrethroids. Specific compounds 
selected for testing were those still labeled for use on pear and which were originally 
effective against pear psylla. 

None of the materials tested provided sufficient kill of winterform adult pear psylla to be 
effective as prebloom sprays against this pest. There was some inter-orchard variation in 
susceptibility of psylla to Asana XL and Baythroid, but neither of these compounds were 
effective enough against psylla from any of the test orchards to provide adequate control. 
The study shows the lack of effectiveness of materials currently labeled for control of this 
pest and the stability of resistance in materials no longer used for this purpose. Results 
are summarized in the tables 1 and 2. 

Table 1 Susceptibility of winterform adult pear psylla to some pesticides used in pear 
orchards. 

Pesticide Count Mean% kill Std. Error 
Guthion 35 % WP 30 10.3 2.82 
Tbiodan 50 % WP 18 10.0 3.62 
Pounce 25 % WP 30 7.7 1.57 
Pounce 3.2 EC 30 38.3 5.83 
Asana XL .66 EC 288 17.9 0.97 
Baythroid 2 EC 288 19.7 1.10 
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Table 2. Susceptibility of winterform adult pear psylla from several orchards to Asana 
XL and Baythroid. 

Orchard & Location 
TFREC, Wenatchee 
Lanprere, E. Wenatchee 
TFREC, Orondo 
J. Smith, Sunnyslope 
Davies, Orondo 
B. & F Farms; Cashmere 
Garrett, Monitor 
W. Smith, Peshastin 
Neff, Pateros 
Gebber, Brewster 
Moon, Okanogan 
TFREC, Wenatchee 
Lanprere, E. Wenatchee 
TFREC, Orondo 
J. Smith, Sunnyslope 
Davies, Orondo 
B. & F Farms, Cashmere 
Garrett, Monitor 
W. Smith, Peshastin 
Neff, Pateros 
Moon, Okanogan 

pesticide 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
AsanaXL 
Baythroid 
Baythroid 
Baythroid 
Baythroid 
Baythroid 
Baythroid 
Baythroid 
Baythroid 
Baythroid 
Baythroid 

Count 
30 
30 
30 
15 
30 
30 
30 
30 
30 
18 
22 
30 
30 
30 
30 
30 
30 
30 
30 
30 
18 

Mean% Kill 
12.0 
20.7 
19.7 
10.7 
20.3 
20.7 
20.7 

6.7 
14.7 
30.0 
21.4 
16.3 
18.0 
22.3 
17.7 
30.3 
27.0 
28.7 

6.0 
9.7 

22.2 

Std. Error 
2.32 
3.55 
2.69 
2.28 
3.09 
3.71 
2.67 
1.21 
2.83 
3.88 
4.18 
2.82 
3.30 
2.70 
3.48 
4.46 
3.22 
4.09 
1.63 
1.95 
3.58 



II. Pome Fruits 
a. Pesticide Resistance 

1. Codling moth, Bartlett pear 

Rachel Elkins and Lucia Varela 
u.c. Cooperative Extension 
Lakeport and Santa Rosa, CA 

Terry Rosetti 
Farmecology Labs 
Hopland, CA 

During the 1993 overwintering codling moth flight, 18 orchards 
in Lake and 4 in Mendocino Counties were tested for the 
presence or absence (not level) of resistance to azinphosmethyl 
(e.g. Guthion). Test protocol was developed by Lucia Varela, 
North Coast Area IPM Farm Advisor and John Dunley of UC 
Berkeley Department of Entomology. The goals were to 1) 
determine if resistance was indicated in comparison to non­
treated control orchards and 2) establish a commercial on­
demand facility as part of ongoing pest management programs. 
Growers agreed to bear the cost of the tests and local PCA's 
cooperated with UCCE and Farmecology Lab staff in deploying and 
collecting traps. Ideally, each orchard was tested 3 nights, 
however, some were only tested 1 or 2 nights due to insuffi­
cient nightly moth numbers. Each diagnostic test required 40 
moths, 25 for the .5 ug azinphosmethyl dose and 15 for the 
acetone control. Doses were applied topically through a 
syringe. 

Data was reviewed by Varela and Dunley (see accompanying 
table). Results indicated that some level of resistance exists 
across a wide area of Lake County and to a lesser extent, in 
one area of Mendocino County. Testing will be repeated in 1994 
to confirm resistance using a .1 ug. dosage. 
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North Coast Azinphosmethyl Resistance Survey - 1993 
(not for publication) 

Location % Guthion Mortality Valid 
(County) (Corrected) Data 

Lake-control 100.0 91.3 100.0 yes 

Lake 52.8 54.1 * 64.5* yes 

Lake 59.2 46.9 62.3 yes 

Lake 49.5 40.7 65.1 yes 

Lake 53.4 49.0 63.4 yes 

Lake 72.6 78.4* no - N 

lake 41.6* 49.0 71.9 no - V 

Lake 61.9 no - N 

Lake 47.9 69.4* 78.8 no - V 

Lake 51.6* 88.9* 47.1 no - H 

Lake 59.1 63.6 yes 

Lake 65.3 64.8 70.4 yes 

Lake 52.4 71.9 no - V 

Lake 69.5 no - N 

Lake 46.2* 82.6 no - V 

Lake 42.0 47.3 yes 

Mendo-control 100.0 97.1 95.3 yes 

Mendo 

Mendo 

Yuba 

81.6* 75.1* 64.7 yes 

81.9* 80.0 76.9 yes 

66.6 63.7 yes 

* = control mortality above 15% 

no - H = high control mortality 
no - N = not enough data colleted 
no - V = results too variable 

Resistant 
to 

Guthion 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

moderate 

moderate 

yes 



II. Pome Fruits 
f, Implementation 

1. Codling moth - Apples, pears, walnuts 

T. E. Larsen and J. M. Gillespie 
Consep, Inc., Bend, OR 

Check:Mate™ CM controlled release dispensers containing codlemone, the sex 
pheromone of the codling moth [Cydia pomonella] have been tested for field efficacy under 
an Experimental Use Permit during the 1992 and 1993 crop seasons. Full federal registration 
is expected for the 1994 use season. The dispensers are currently designed to release 
pheromone for at least 60 calendar days under both spring and summer temperature 
conditions. Development of a new dispenser has been directed to increasing pheromone 
release under all weather conditions, as well as to increasing duration of product efficacy. 

Under the EUP Check:Mate CM was applied from one to three times at more then 70 
locations. Crops in which Check:Mate was used include apples, pears and walnuts. 
Application rates typically varied from 100 to 160 dispensers/acre, but higher rates were 
occasionally tested. Supplemental treatments with other biological insecticides (in organic 
production systems) or with conventional insecticides were utilized in many mating disruption 
programs. 

An experimental sprayable codlemone formulation was also evaluated in California and 
Washington apples and prunes. Results of these studies indicate that control of codling moth 
with sprayable formulations is feasible, if pheromone stability and controlled release from 
the carrier are achieved. 
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III. Stone Fruits 
Biology 

Cherry Ermine Moth, Pnmus spp., and others 

Michael J. Haskett 
Washington State Department of Agriculture 
Plant Services Division 
Yakima, Washington 

Anotller Exotic Ermine Moth, the Cherry Ermine Motll, Yponomeuta padellus, 
Discovered in the Pacific Northwest 

83 

In 1992 Forestry Canada Columbia reported that apple ermine moth, Ypo11omeuta 
mali11ellus (AEM) was found on a new host, hawthorn (Crataegus) in British Columbia. 
Hawthorn is not known to be a host of mali11ellus in its native range. Agriculture 
Canada investigated the situation and subsequently identified the specimens as cherry 
ermine moth (Y. padellus), CEM. Hawthorn is a known host of CEM in Eurasia. In the 
spring of 1993 ermine moth larvae were found in B.C. on hawthorn (C. laevigata, and C. 
mo11ogy11a), cherry plum (Primus cerasifer), mountain ash (Sorbus aucuparia and S. 
sitche11sis ), and service berry (Amela11chier al11ifolia ). Associations with these host, which 
are among those known for CEM in Eurasia, further confirmed the identification. The 
infested area includes part of Vancouver Island, and sites on the mainland within a few 
miles of the U.S. border near Blaine, Washington. 

Biology: In addition to the host listed above, plum (Pnmus domestica), sweet cherry 
(Pru11us avium), almond (Pnmus commu11is), peach (Prwms persica), and blackthorn 
(Pru11us spi11osa) are the hosts of CEM in Eurasia. CEM behavior is similar to that of 
AEM. Like AEM it overwinters as first instar larvae under hybernacula, emerging in 
the spring to feed on foliage. Larvae form a communal web and periodically move as a 
group to a new cluster of leaves. Observations in B. C. indicate that CEM larval 
development may be earlier than AEM. Adult flight may begin and end earlier. While 
AEM has been trapped into September, suspected CEM catches in WSDA traps in 1993 
(see below) stopped in mid-August. 

Taxonomy: Separation of the ermine moth species is difficult, because there are no 
reliable distinguishing morphological features for larvae or adults. However, in Eurasia 
significant differences are reported in appearance of cocoons and webs surrounding 
clusters of pupae. The CEM cocoons and webs are described as loose, while cocoons of 
AEM are opaque and cluster webs are dense. In British Columbia CEM pupae were 
easily visible within the cocoon, while AEM pupae are enclosed in a dense cocoon. In 
Eurasia species can be separated by host association (Herrebout et al, 1976). Also, the 
species are considered to be reproductively isolated according to mating studies 
conducted in Europe. In mating pheromone response studies CEM males did not 
respond to AEM females. In hybridization studies by Hendrikse (1986) offspring of 
CEM x AEM did not reach adulthood. 
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According to Hendrikse there is no evidence for hybridization under natural conditions. 

Potential Impact: In the literature from Eurasia CEM is described variously as an 
"economic,'' "major,"and "very harmful" pest One paper reported complete 
defoliation of cherry trees. There is no information in the literature that would exclude 
its potential range from wherever hosts are available in North America. 

As with AEM, there is a potential for economic impact on the fruit tree nursery 
industry. Washington nurseries export large volumes of pnmus. Quarantine restrictions 
similar to those for AEM could be enacted by other states or countries requiring 
regulatory treatments for pnmus stock. Regulatory procedures would have to be 
developed for this pest Since the hosts list including hawthorn and mountain ash, which 
are popular ornamentals as well as fruit bearing prunus species, significant defoliation in 
residential, and park trees could lead to increased pesticide use. 

1993 Survey: After learning in June of 1993 about the B.C. detections, WSDA fielded a 
trap survey in cooperation with USDA/APHIS in three northwestern Washington 
counties closest to B. C. (San Juan, Skagit and Whatcom). In July and August wing 
traps baited with CEM pheromone supplied by the USDA Otis Methods Development 
lab were distributed from Blaine south to Mt. Vernon, and on Orcas and San Juan 
Islands. Traps were placed in hosts trees of cherry ermine moth including native and 
ornamental hawthorn, domestic and wild cherry, cherry plum, plum, mountain ash, and 
service berry. Most traps were placed in hawthorns since they appear to be the most 
favored host in British Columbia. Trap placement started on July 7 with all traps up in 
San Juan and Whatcom counties by July 28. Traps were inspected about every two 
weeks. The survey was extended to Skagit County on August 11 after numerous 
detections in Whatcom county. 

Results: Suspected cherry ermine moths were detected in numerous widely scattered 
sites in San Juan and Whatcom counties (Table 1). 

Table 1. 1993 Cherry Ermine Moth Trap Distribution and Results 

COUNTY NUMBER OF NUMBER OF NUMBER OF 
SITES POSITIVE SITES MOTHS 

San Juan 110 90 408 

Skagit 27 0 0 

Whatcom 106 60 167 

Percentage of positive sites was 81 and 57 in San Juan, and Whatcom counties 
respectively. None were detected in Skagit County. However, this could be a function 
of a low level of trapping, and placement late (August 11) in the flight season. 

.. 



. . 

The last moths were caught sometime in the July 29 to August 18 period in Whatcom 
County. Ermine moths were caught in all host species that were trapped. 

Identification/confirmation: These specimens have not been confirmed as an 
introduction of cherry ermine moth by USDA. USDA was supposed to provide the 
identification support by developing the genetic methodology, but this plan lost out to 
higher priorities. Also, no positive host association has been made in Washington. 
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Since high populations of AEM are common in the survey area, it was difficult to avoid 
placing traps near apple trees infested with AEM. Although the literature says that the 
pheromones in the Yponomeuta group are species specific, there is an unknown potential 
for random catches of AEM in the CEM traps . 



Ill. Stone Fruit 
a. Biology 

1. Codling Moth - Cherries 

Heat as a Potential Alternative Quarantine Treatment for Codling Moth in 
Cherries: The Shocking Truth 

Lisa G. Neven 
USDA-ARS 
Yakima, WA 

98902 

Elizabeth Mitcham 
Dept. Pomology 
UC Davis 
Davis, CA 95616 

'Bing' cherries were heat treated using both hot water dips and vapor forced 
air. Hot water dips consisted of 45, 47, 49°C treatments for durations of 5 to 40 
minutes. Vapor forced air treatments ranged from 45 to 49°C for 10 to 75 
minutes with a humidity of approximately 100%. Following heat treatments fruit 
were either hydrocooled or cooled with forced air. Fruit were cold stored for at 
0± 1 ·c for 1 to 4 weeks. Fruit were assessed for stem condition, pitting, decay, 
external injury, external color, firmness, soluble solids and titratable acidity. In 
general, heat treatments resulted in a decrease in fruit firmness. No significant 
differences in fruit color or soluble solids were detected. However, fruit titratable 
acidity decreased with heat treatments. There was no differences in color, 
firmness, sugar, or acidity in hydrocooled fruit versus forced air cooled fruit. Fruit 
treated with gibberellic acid withstood the heat treatments much better than those 
which were not. Hot water dips resulted in more fruit pitting and external damage 
than hot air treatments. Vapor forced air treatments resulted in some stem 
browning. However, when compared to methyl bromide treated fruit, this appears 
to be within the range of acceptable quality parameters. 

Concomitant with the fruit quality research, infested cherries were heat 
treated to assess the effects on codling moth mortality. A heat treatment of 47°C 
for 20 minutes resulted in 27% mortality whereas an additional 5 minutes of 
treatment at that temperature resulted in 100% mortality. Fruit subjected to this 
treatment showed no decay, slight pitting, moderate stem browning and few 
scalded fruit after 1 week of cold storage plus 2 days at 20 • C. Also, a treatment 
of 45 • C for 60 minutes resulted in 100% codling moth mortality. This treatment 
resulted in no significant decay, very slight pitting, moderate stem browning and 
few scalded fruit. These results indicate that heat treatments may provide a viable 
alternative quarantine treatment for sweet cherries. 
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EFFECTS OF HEATING INFESTED CHERRIES ON CODLING MOTH MORTALITY 

TREATMENT GA NON-GA 

TEMP 
DURATION % MORT % MORT 

± SEM ± SEM 

47·c 20 MIN. 22.7 ± 5.7 27.2 ± 7.1 

47·c 25 MIN. 100 ± 0 100 ± 0 

45·c 60 MIN. 100 ± 0 98.2 ± 1.5 

Cherries were infested with 5th instar larvae of codling moth. 
4 replicates of 50 larvae per treatment. 
50 larvae for each experiment served as controls. 
% MORT is Abbott's corrected mortality. 
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III. Stone Fruits 
b. Monitoring 

1. Peach Twig Borer 
Peaches, nectarines, almonds, apricots 

R. E. Ricel and J. G. Mi!lar2 
1 University of California, Parlier 93648 
2university of California, Riverside 92521 

Response of Male PTB Moths to Different Pheromone Isomer Ratios 

Twenty years after the initial identification and synthesis of the peach twig borer (PTB) 

pheromone, the question still remained as to the correct ratio of the acetate and alcohol 

isomers for an optimum pheromone blend. Field trials with varying ratios ofES-1 0:AC 

acetate ES-10:OH in three western US locations in 1993 showed conclusively that 

California populations (Banning and Caruthers) of PTB responded optimally to an 80:AC, 

20:OH ratio. However, PTB males in Yakima, Washington preferred the 100% acetate 

isomer over six other candidate blends. The I 993 field trials confirmed the findings of 

Roelofs et al. in 1973-7 4 that the PTB pheromone blends differed for California and 

Washington PTB populations, but contradicted the earlier findings that Washington PTB 

males responded best to 100% ES-10:OH. These results suggest that optimized pheromone 

blends for PTB monitoring and mating disruption may need to be formulated specifically for 

different geographic regions. The 1993 test results also indicate a high probability that 

contamination of the 1973 isomer blends affected the earlier data. 
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III. Stone Fruits 
d. Chemical Control - Pheromones (mating disruption) 

1. San Jose scale 
2. Peach Twig Borer 
3. Oriental Fruit Moth 

R.E. Rice, University of California, Parlier 93648 
C. Atterholt, University of California, Davis 95616 
J. Krochtz, University of California, Davis 95616 
M. Delwiche, University of California, Davis 95616 

Mating Disruption of Stonefruit Pests Using Sprayable Formulations of Biodegradable 

Films and Pheromone 

Cooperative research with the Departments of Food Science and Ag Engineering at 

UC Davis has been directed toward development of sprayable formulations of pheromones 

to replace the hand-applied point source dispensers currently used in mating disruption 

programs. Pheromones of peach twig borer, oriental fruit moth, and San Jose scale added 

to 10% aqueous solutions of starch showed reduction of male insect collections in 

pheromone monitoring traps but only for short periods of time (usually less than 2-3 days). 

When pheromones were added to soy protein films or pure soy oil, pheromone residual was 

extended and response of male insects to monitoring traps was disrupted for longer periods 

oftime. 

Sprays of some materials, particularly starch, have been phytotoxic to flowers and 

foliage of peach, nectarine, and plum trees. 
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III. Stone Fruits 
d. Chemical control 

1. Cherry Fruit Fly, Sweet Cherry. 

Timothy J. Smith 
WSU Extension 
400 Washington 
Wenatchee, Wa. 98901 

After six years of very low incidence, the number of Cherry Fruit 
Fly, Rhagoletis indifferens Curran, found in samples of fruit in 
North Central Washington increased to 9 in 1993. Every cherry 
packing plant in the region had at least one larva found by state 
inspectors. 

The results of the following will be presented: 

1. Accuracy of the cherry fruit fly degree day model as proposed 
by Drs. Jay Brunner and Vincent Jones. (Highly accurate). 

2. A survey of the number of fruit left in orchards after harvest. 
(11,800 to 22,300 per acre in well-picked orchards). 

3. Control with Pyrellin ( pyrethrin-rotenone mix) , Pyrenone 
(pyrethrin-PBO mix) or dimethoate. 
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III. Stone Fruits 
d. Chemical control 

I. Oriental Fruit Moth - Peaches 

J. Dibble 
Univ. of Calif., Kearney Ag Center 

Parlier, CA 

Oriental fruit moth is a serious pest of peaches in California, worse in some areas 
than others as well as season to season. A desired limited use of some chemicals 
along with questionable performance of others gave rise to reevaluate the product 
Cryolite. Although these trials were targeted for application against the spring 
population, they were not actually applied until summer. 

Other products used for control evaluation and comparison were Asana, Di azi non, 
Guthi on, Imidan and Sevin. Shoot strikes made three weeks after a early July 
application showed Imidan, Diazinon, Asana and Guthion to be better than the Sevin 
and Cryol ite treatments. The average percent infested fruit at harvest again 
indicated Imidan and Diazinon still to be functional in control. Asana followed 
closely, with Cryolite equal to the untreated check and Guthion in the middle between 
the best and worse treatments. The Cryolite results were somewhat anticipated due 
to OFM feeding habits. Earlier season trials might show a more vigorous feeding and 
greater chemical ingestion. 

Total Number2 

shoot strikes Average3 

per per % infested 
Treatment Form. Rate/Acre trtmt. tree fruit & harvest 

Cryolite 96 12 lbs. 49 4. I 6.3 a 
Cryolite 96 12 lbs. 37 3.1 4.8 a 

+ Asana XL 2 ozs. 
Asana XL IO ozs. 22 1.8 1.3 C 
Imidan 50 W 4 lbs. 0 0 0.8 cd 
Guthion 50 W 2 lbs. 27 2.3 2.8 b 
Diazinon 50 W 4 lbs. II 0.9 0.3 cd 
Sevin 50 W 8 lbs. 44 3.7 4.3 ab 
Check 55 4.6 5.5 a 

1Applications made in July to Andross cling peaches using high pressure handgun@ 400 
gpa. Used third biofix of 6/16 for treatment timing of 7/2-7/6. Fresno Co. 1993. 
2Shoot strike counts made on each tree 3 weeks after application. Four 
replications/treatment and 3 trees/rep. 
3 25 fruit/replication examined at harvest, 8/18. 
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III Stone Fruits 
f. hnplementation 

1. Mating disruption, oriental fruit moth, peaches 

Philipp Kirsch 
Trece Inc 

5219 Nelco Circle 
West Linn OR 97068 

V\lh)'. did OFM mating disruption break down in Australia? 

Mating disruption (MD) for oriental fruit moth has been often regarded as a standard 

against which other disruption systems can be compared. This system was one of the first 

programs to be commercialised in tree fruit crops, being introduced in Australia in 

August 1984, in California in January 1987, and in Europe also in 1987. Products have 

been developed by three different companies including BASF, Consep and 

Biocontrol/ShinEtsu. Use in California has resulted in considerable reduction in the 

reliance on conventional chemical pesticides, and been instrumental in management of 

OFM resistance to azinphos-methyl. 

Table 1: 

1990-1991 
1991-1992 
1992-1993 

Survey of Grcwer results: OFM MD Contrd Failures as Percent of Total Use 
[ Cobram district, Australia] 

Per cent of growers Per cent of OFM MD area 
treated in district 

88% 83% 
44% 32% 
81 % 50% 

OFM MD was readily adopted in several production districts in Australia, however, prior 

to 1990-91, use was very limited in Cobram, the principal cling peach district, due to the 

cost of manual labor for two applications of the initial 3 month dispenser. An improved 

product, Isomate-OFM Plus, labelled for season-long control, was introduced in the 

1990-91 season. Adoption of the 'season-long' dispenser was quite rapid, due to high 

grower interest in only one application per season. However, control efficacy was very 

variable in Cobram in 1990-91 and in subsequent seasons, 91-92, and 92-93 [Table 1]. 

While OFM MD has been so effective in California, why the control failures in Cobram? 

Table 2 demonstrates clear differences with respect to OFM population dynamics and 

pest management between Cobram and California. Despite these differences, the same 

'extended life' formulation was introduced in both regions. The first season breakdown in 

efficacy suggests that there was a lack of comprehensive field testing in Australia prior to 
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I. Nuts 
a. Biology 

1. Pacific Mite (Tetranicus paci.ficus) in Almonds (Prunus amygdalus) 

Walter Bentley, Mario Viveros 
Dave Goldhammer and Peggy Schrader 
1031 S. Mt Vernon Avenue, Bakersfield, CA 93307 

The effect of water stress of almonds on subsequent pacific mite outbreaks was studied in 1991 and 1992 in McFarland, California. The 
trial orchard is a two Nonpareil and one Carmel variety arrangement. It is irrigated with minisprinklers. Eight water stress treatments 
were applied to 48 tree plots (6 trees x 8 trees) replicated six times. The treatments were based on water cutoff of 52,46,39,32,25,18,11 
and 4 days prior to harvest of the Nonpareil variety in 1989-1990-1991. Active spider mites were counted from 10 to 20 leaves, sampled 
from a single Nonpareil and a single Carmel tree at the center of each plot. 

In 1991, readings were taken on April 5, May 28, June 6, July 32, and August 21. Significant differences in mite densities were found 
based on the stress applied in 1990 to the Nonpareils for the May and June readings. Mite densities on the Carmels were lower and 
significantly different on only June 6. These differences were based on stress applied in 1990. 

In 1992, readings were taken on April 23 and May 19. Significant differences in spider mite densities were found or both dates for the 
Nonpareil variety and only on May 19 for the Carmel variety. These differences were based on stress applied in 1991. 

PACIFIC MITE DENSITY IN ALMONDS BASED ON DEFICIT IRRIGATION 
MCFARLAND, CA 1991 

ACTMTIES PER LEAF 

DAYS WITHOUT S-APR 28-MAY 6-JUN 31.JUL 

NONPARIEL CARMEL NONPARIEL CARMEL NONPARJEL CARMEL NONPARJEL CARMEL 

53 1.47a 31, 6.15b ''"' 11.12a 8.67d 0 0 

46 .n. ., .. 3.».b '·"" 16.SSa 5.61d 0 0 

39 I.SO. .,.. 3.67ab .47a 8,07a 4.!i2bc 0 0 

32 .35, .... , .... ·'" I0,4Sii l..S!iab 0 0 

2S ..,. .13, '-"" 7.Z,. S.6Sa .... 0 0 

18 .07a 111, I.OS. ·"' 4.57a 33, 0 .0 

11 .07, .... 1,37a ·'" 
,.,.. .6" 0 0 

4 ·'"' . 07a .... .0,, 3.17a ·"' 0 0 

PACIFIC MITE DENSITY IN ALMONDS 
BASED ON DEFICIT IRRlGATION 

DAYS WITHOUT 4123192 5119/92 

WATER NONPARIEL CARMEL NONPARIEL CARMEL 

" 12.lb , ... 13.2a 35.7b 

46 6.9ab 0.2, 82.lb IO.la 

39 '·"' 0.7a l8.3ab 16.(la 

32 
,_,. o.s. 10.0a 25.0. 

" 0.4' 0.3, 6.0. 6.la 

18 l.S. 0.3, 4.la ,_,. 
11 , ... 0.0, 4.,4a 6.la 

4 0.7a 0.0. 6.S. , ... 
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III, IV. Stone Fruits, Nuts. 
b. Monitoring 

1. Peach Twig Borer; Prunus spp. 

RE.Riceland J. G. Millar2 
luniversity of California, Parlier 93648 
2university of California, Riverside 92521 

Effect of Potential Inhibitors in PTB Pheromone Blends on Moth Collections 

Observations by pheromone researchers and complaints from private pest control advisors 

in early 1993 of poor performance in two commercial formulations of peach twig borer 

(PTB) monitoring dispensers caused considerable concern about these pheromone products. 

Chemical analysis of contents of "poor" and "good" performing dispensers by Jocelyn 

Millar, UC Riverside, showed several contaminants in the commercial pheromone product. 

After identification and synthesis of these materials they were added to clean PTB 

pheromone and evaluated for potential inhibition of moth catch in field trials. The results of 

these trials showed that the addition of 10% 5-decenyl acetate to the standard PTB 

pheromone blend was completely inhibitory, resulting in male PTB collections equivalent to 

a solvent check. Two other potential contaminants and inhibitors, E-4 nonenyl acetate and 

E-5 undecenyl acetate, were not significantly inhibitory compared to the pure PTB 

pheromone. 

Table 1. Effect of potential in hibitors added to the optimum PTB pheromone blend on 
male moth collections. 

Inhibitor 

Solvent check 
5-decenyl acetate 
E4-nonenyl acetate 
E5-undecenyl acetate 
none (pheromone standard) 

Average Trap Catchl 

4.1 a 
3.5 a 

361.5 b 
412.0 b 
520.6 b 

1 Five replicates in almonds counted weekly for 8 weeks. Caruthers, California 
July 28 - Sept. 22, 1993. 

,, 
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IV. Nuts 
d. Chemical control 

1. Navel orangeworm - Almonds 

J. Dibble and S. Haire 
Univ. of Calif., Kearney Ag.Center 

Parlier, CA 

The thrust of these trials was to see what effect Orchex 796 oil had on NOW eggs; 
first in the lab and then in the orchard. Both in the lab and field trials we 
evaluated orchex at different rates in an oil/water solution ranging from 1-5%. The 
laboratory colony eggs were dipped into the oil/water solution, immediately removed 
& a 11 owed to dry. They were then pl aced into vented and larva media containing 
cartons. The cartons were held in a 80°F room for for approximately two weeks. As 
a backup to this observation, the number of surviving larva were also checked for in 
the food media. All mixtures were significantly better than the water only control, 
even the minimum treatment of 1% oil. 

Another test involved the same dipping of eggs into 1-5% mixture of oil/water, but 
used field collected NOW eggs rather than lab colony eggs. Here the eggs were laid 
on baited egg traps where the female moths are attracted to media contained therein. 
After egg laying occurred, the traps were taken down from the almond orchard trees, 
dipped into the oil/water solutions and replaced back in the shaded portion of the 
trees. Over 100°F temperatures immediately after initial treatment prompted a early 
two day count. Egg evaluations were made separately for the white, orange and black 
head stages; the latter being the stage just prior to larval hatch. In these trials 
where we counted the number of dead eggs per ten eggs per replication, a definite egg 
kill progressively occurred as the oil dosage increased. Also, a progression in egg 
kill occurred within each dosage through time. Although 1 & 2% mixtures were 
effective, 3% and up gave excellent hatch reduction on white and orange egg stages. 
The 3% treatment was considerably less effective on the black head stage and required 
closer to a 5% rate. 

Final testing involved a possible grower treatment that could be made at hull split 
(approximately 40-45 days prior to harvest). This is the time most growers apply an 
insecticide for NOW control. Here we timed the oil application to be applied at egg 
laying which can occur as the first nut hulls start to split. Since the NOW larva 
cannot invade the hull (and then the shell and nut) until hull split, this hull stage 
is a trigger for control treatments. Adult female moths are attracted to and lay 
eggs in the split hulls. Counts made two weeks after applying three mixtures of oil 
and water (2%, 3% and 4%), show a good effect on the eggs and as compared to the 
standard and check. The degree of control at hull split, recorded as percent nut 
infestation at harvest, resulted in approximately 50% control for 3 and 4% oil. This 
is often as good as any material obtains . 



98 

III, IV.Stone Fruits, Nuts 
d. Chemical Control - Pheromones (mating disruption) 

1. Peach Twig Borer; Prunus spp. 

R. E. Riceland J. G. Millar2 
1 University of California, Parlier 93648 
2university of California, Riverside 92521 

PTB Mating Disruption Trials in Almonds 1991-93 

Mating disruption trials of peach twig borer (PTB) in almonds in central California showed 

reductions in PTB damage to almonds when compared to unsprayed checks. Pheromone 

dispensers from Concep, Inc. were applied twice during the growing season in each year. 

Depletion of the pheromone following the second application of dispensers in mid-season 

allowed rapid recovery of male PTB response to monitoring traps. For maximum season 

long control, a third application of dispensers or higher initial loads extended over a longer 

period of time might be beneficial for long-term control. 

Table 1. Mating Disruption of Peach Twig Borer in Nonpareil Almonds, 1992-93 

19922 

19932 

Hulls 

Meats 

Hulls 

Meats 

10.3 

1.5 

10.1 

1.1 

1 Ten 100-nut sub-samples per treatment. 

% Infested Nutsl 

Standard 

6.5 

0.5 

4.3 

0.1 

E-X 

2.8 

0.1 

7.0 

1.0 

2consep 60-day PTB pheromone dispensers @ 200/acre; two applications per season. 
•• 
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IV. Nuts 
d. Chemical Control 

'• Efficacy of N eem as an Insecticide Against Arc hips rosanus 
(Lepidoptera: Tortricidae) 

•• M. T. AliNiazee, A. Al-Hemaryi, and M. Saeed 
Department of Entomology 

Oregon State University, Corvallis OR 97331-2907 

Efficacy of Neem extract was tested against the European (Filbert) 
leafroller Archips rosanus (L.) under laboratory and field conditions. Data 
indicated that Neem extract induced three types of responses in the 
exposed insects. At high rates, immediate toxicity, chronic toxicity, and 
growth regulatory type effects were noticed. At lower rates, the 
immediate toxicity was less pronounced, but chronic toxicity and feeding 
deterrent responses were visible. Metabolic difficulties, developmental 
abnormalities (including difficulty to pupate and delayed growth) and 
sluggishness were common symptoms. Effective control of this pest was 
noticed in the field trials . 

. . 
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